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Highest performance — highest usability:
The SIMATIC S7-1500 controller range with
the high-end CPU 1518 represents the new
generation of controllers in the TIA Portal
and a milestone in automation.

Failsafe versions are now also available in
the form of the CPUs 1516F and 1518F —
for standard and failsafe automation

in a single system.

Your plus for power:

+ Outstanding system performance for
shortest response times and highest
quality of control

+ Technology integrated for perfect
integration of drives through motion
control functionalities and PROFIdrive

+ Security integrated — consistently

incorporated for highest investment
protection
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SIMATIC S7-1500 plus TIA Portal

The ultimate plus in automation - for both standard and safety applications

Your plus for efficiency:

+ Innovative design and easy handling
for simple usage and commissioning as
well as safe operation

+ Integrated system diagnostics for full
transparency of the plant status, auto-
matically generated and consistently
displayed

Intuitive, efficient, proven: Totally
Integrated Automation Portal (TIA
Portal) redefines engineering.

+ TIA Portal for highest engineering
efficiency and reduced project costs

Experience the new controller’s high-
lights online: siemens.com/s7-1500

siemens.com/s7-1500
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Continued training
For regional Siemens SCE continued training, get in touch with your regional SCE contact
siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce

Information regarding use

The SCE training curriculum for the integrated automation solution Totally Integrated Automation (TIA)
was prepared for the program "Siemens Automation Cooperates with Education (SCE)" specifically for
training purposes for public educational faciliies and R&D institutions. Siemens AG does not
guarantee the contents.

This document is to be used only for initial training on Siemens products/systems, which means it can
be copied in whole or part and given to those being trained for use within the scope of their training.
Circulation or copying this training curriculum and sharing its content is permitted within public training
and advanced training facilities for training purposes.

Exceptions require written consent from the Siemens AG contact person: Roland Scheuerer
roland.scheuerer@siemens.com.

Offenders will be held liable. All rights including translation are reserved, particularly if a patent is
granted or a utility model or design is registered.

Use for industrial customer courses is explicitly not permitted. We do not consent to commercial use of
the training curriculums.

We wish to thank the TU Dresden, particularly Prof. Dr.-Ing. Leon Urbas and Dipl.-Ing. Annett Pfeffer,
the Michael Dziallas Engineering Corporation and all other involved persons for their support during
the preparation of this training curriculum.

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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MODULE AND CONCEPT DESCRIPTION

1 General overview of the modules

The module description is intended to help you to select the contents that are relevant, interesting
and technically suited to you.

The numbers of the chapters contain 6 digits, e.g., 000-000 for the module description chapter.
The first 2 digits refer to the subject area. The third digit is also the highest outline level of the
subject. Most of the time, "1" stands for the S7-1200 controller and "2" for the S7-1500. Where
present, "3" stands for the S7-300 controller. The digits after the dash refer to a particular
chapter. If this chapter is available for different controllers, there is only a difference in the third
digit of the first three digits and not in the last digits.

1.1 Subject planning

The following figure represents an overview of the topics contemplated for SCE according to the
concept described here. These topics are very wide-ranging and can therefore only be dealt with
individually. For this reason, the topics presented here are further subdivided in the following
sections into basic, advanced and future topics (= modules). Basic modules contain SCE Training
Curriculums for beginning learners but can also be used for advanced learners. Advanced
modules are recommended in particular for advanced learners or individuals who have completed
the basic modules. Special modules contain all other topics regarded as interesting and
promising for the future. Additions are planned here in any event. Always check the website
siemens.com/sce.

000-000
General Module Overview of SCE Training Curriculums

Figure 1: Overview of the available topics * Upcoming

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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1.2 Basic modules

Besides the module description that you have before you, the basic modules include the following
topics: "Hardware configuration®, "Example processes" and "Basics of PLC programming" (see
Figure 2). The structure of these modules is explained in the following.

000-000
General Module Overview of SCE
Training Curriculums

011-1xx Unspecified/centralized configuration
011-2xx Distributed configuration with Profinet

011-3xx Distributed configuration with Profibus

012-1xx Unspecified/centralized configuration
012-2xx Distributed configuration with Profinet

012-3xx Distributed configuration with Profibus

013-1xx Unspecified/centralized configuration
013-2xx Distributed configuration with Profinet

013-3xx Distributed configuration with Profibus

Figure 2: Basic modules

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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Because the hardware configuration can be performed and learned independent of a specific task, this topic
has been placed first. The topic of hardware configuration is subdivided again into the hardware
configuration of the various controllers that are available as SCE Trainer Packages. These currently include
the S7-1200, S7-1500 and S7-300. There is a further subdivision into different architectures or types of
configuration below each of the different controllers. Specifically, these currently consist of the
unspecified/centralized configuration, distributed configuration with PROFIBUS and distributed configuration
with PROFINET. Other architectures are possible as soon as new technologies are foreseeable. The above-
described outline is shown in Figure 2. In Figure 3, the chapters with complete module number highlighted in
green represent chapters already prepared.

= 012-1xx Unspecified/centralized configuration

012-100 Hardware configuration of an unspecified S7-1500 CPU
012-101 Hardware configuration of a centrally configured CPU1516F

Figure 3: Completed chapters of the "Hardware configuration — S7-1500" topic area

The "Hardware configuration” topic is followed by the "Example process" topic. This topic is not a
training unit. Rather, it describes example processes that are to be used in the subsequent
chapters for specific tasks. To date, there is the sorting station example process. This will be
used in the subsequent chapters on programming. Other example processes as well as additions
to individual basic process descriptions are also conceivable here. The objective of SCE is to
implement this example process with a SIMIT model so that learners can test their
implementation with a simulated process.

020-xxx
Example process

020-100 Process description of sorting station

Figure 4: "Example processes" topic area with completed process description

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
SCE_EN_000-000 Concept- and Module Description_R1503.docx
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The "Basics of PLC programming" topic now follows, which is again subdivided into the S7-1200
and S7-1500 controllers to make it easier to get started. The S7-300 controller is not mentioned
separately here since its programming is basically the same as that of the S7-1500 with a few
small differences. The subdivision below the controllers is identical in both cases. It starts with FC
and FB programming. Extremely simple tasks are provided here in each case to make it easy to
get started. "Counters und timers", "Diagnostics”, "Analog values" and "Global data blocks" round
out this topic area. The addition of other topics is also conceivable here. Some topics are also
categorized under the "Advanced programming” topic area. Refer to the next section for more
information regarding this. Figure 5 summarizes the above-described outline once more.

030-xxx
Basics of PLC programming

— 031-xxx Basics of PLC programming with S7-1200

== 031-1xx FC programming

— 031-2xx FB programming

— 031-3xx Timers and counters

— 031-4xx Diagnostics
031-41x Basics of diagnostics
031-42x Basics about the web

== (031-5xx Analog values

— (031-6xx Global data blocks

— 032-xxx Basics of PLC programming with S7-1500

— 032-1xx FC programming

= 032-2xx FB programming

— 032-3xx Timers and counters

— 032-4xx Diagnostics
032-41x Basics of diagnostics
032-42x Basics about the web

— 032-5xx Analog values

— (032-6xx Global data blocks

Figure 5: Structure of "Basics of PLC programming"

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 7
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1.3 Advanced modules

Advanced modules include "Visualization", "Advanced programming" and "Drives", as shown in
Figure 6. There is also a subdivision into the S7-1200 and S7-1500 controllers here, but the
contents with S7-1500 will be preferably shown here. Contents for S7-1200 are available only
when they differ significantly from that of the S7-1500. Therefore, these subdivisions are also
marked with an asterisk (*).

The "Visualization" topic is only indirectly dependent on the controller. The utilized panel or PC is
actually the deciding factor here. Within the visualization hardware segments (panel, PC),
different chapters are offered, for example, for adding a panel and its configuration, simple
visualizations and animations.

The "Advanced programming" topic includes programming topics for advanced learners, which
are taught mainly using the S7-1500. Learners should be able to transfer the contents to other
controllers on their own at this point. For this reason, topics are only included for S7-1200 when
there are significant differences.

The "Drives" topic will also be handled similarly. Here, there is a further subdivision as to whether
drives are connected via PROFIBUS or PROFINET.

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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(0[0[020]0]0)

General Module Overview of
SCE Training Curriculums

—— (041-1xx Visualization in KTP *

— 042-2xx Visualization in TP *

—— 042-3xx Visualization in PC *

052-1xx GRAPH *
052-2xx SCL *

052-3xx PID

062-1xx Drives via Profinet *

062-2xx Drives via Profibus *

Figure 6: Advanced modules * Upcoming

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 9
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1.4 Special modules

10

Special modules include all modules shown in Figure 7. These modules cover general topics
such as safety, security and energy efficiency as well as specific technologies such as RFID and
Siwarex.

000-000
General Module Overview of SCE Training Curriculums

Figure 7: Special modules

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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"Advanced communication" includes all communication topics involving communication between
controllers and between controllers and other systems via PROFIBUS, PROFINET, OPC UA and
alternative bus systems. Of course, topics for plant-wide communication and wireless
communication can also be found here. Figure 8 shows the current structure.

== (092-1xx Advanced communication via Profinet
— (092-2xx Advanced communication via Profibus

— 092-3xx Advanced communication via OPC UA

— 092-4xx Advanced communication via alternative bus systems

Figure 8: "Advanced communication” topic

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 11
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2 Concept description

2.1 Material at a glance

12

The above-described modules will be made available as SCE Training Curriculums. Additional
SCE training material is available to assist in lesson planning or self-study. This includes the
SIMIT model, which implements the example process as a simulation. The simulation can already
be started with a demo version of SIMIT, which can be used to check your own programming. As
a result, a real plant is not needed. If you would rather work with real plants, you can build one
yourself based on the description of the example process. SCE currently does not offer a real
model of the example process. Furthermore, presentations are offered that contain a brief
introduction to the contents of each chapter and are thus ideally suited for inclusion in the lesson.
Of course, these presentations can also be used in self-study. Model solutions/projects are
another important component of the SCE learning materials. They allow you to compare your own
solution but are also suited to working on just a few topics and building on a particular model
solution. Advanced materials such as videos and animations are integrated as links within the
SCE training curriculum. These are also available via the SCE website or YouTube.

SCE presentation
.ppt/.pdf

SCESIMIT model SCE model solution/
.Simarc -project

SCE Training Curriculum

Topic = Module
SCE Contents subdivided into
example chapters
Sl  Each chapter corresponds
to one document (.doc / .pdf)

o |
Animation I
(screen camera)

Figure 9: SCE training material

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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2.2 Structure of the individual chapters based on the teaching
methodology

The core of the training materials is the SCE training curriculums in which each chapter forms a
self-contained training unit. As shown in Figure 10, the chapters always start with a goal. The
theory deemed as relevant is presented in the next section. A specific task is then formulated,
which is next planned and implemented using an example. This is rounded off with a checklist
that provides support when testing the implementation according to structured step-by-step
instructions. The exercise follows, beginning with another task that is now to be planned and
implemented independently. A checklist at the end enables learners to check their own solution.

The individual chapters can be worked on as modular units. Certain previous chapters must be
built upon for this. Information on which chapters serve as the basis for a particular chapter can
be found at the start of every document under "Prerequisites”.

The chapters are structured within the above-described concept.

The example process is to accompany the learners continuously so that understanding of the
actual process does not command too much attention and the focus can instead be on the actual
training contents. At the same time, the newly added "Planning" section should be helpful by
acting as an intermediary between the task and solution and a guide for planning the
implementation. The step-by-step instructions have also been changed in the current concept.
They are now structured. This helps beginning learners to obtain an overview of what they are
doing and enables advanced learners to skip certain individual steps when they are already
familiar with the action. In this way, the instructions can be worked through on a highly individual
basis depending on the level of knowledge. The final checklist now also contains information
about what can be tested and what needs to work with the implemented solution. Ideally, if an
item of the checklist is not completed, information on the section from which this error might have
originated can also be provided.

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 13
SCE_EN_000-000 Concept- and Module Description_R1503.docx
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— Goal ¢
Exercise
v Task
Observe
Theory
¢ Observe
L Task
v
— Planning
v A
Structured

step-by-step instructions

—> Checklist

Figure 10: Structure of teaching methodology

v

Exercise
Checklist

The purpose of the exercise is to allow independent execution of a similar task. Only the task is
specified and planning and implementation (= execution) must take place independently. This can
also be used as a supplemental task for adept learners who are faster than the rest of the class
or for self-study. A checklist at the end of the exercise is used to check the implemented solution.
The model project can also be used for comparison of the solution. The model solution (= model
project) is provided for each chapter and contains the result of the structured step-by-step
instructions and the exercise. Depending on what the chapter is based on, the model solution
obviously also contains other solutions.

3 Additional information

You can find additional information on the TIA Portal modules as an orientation aid for initial and
advanced training.

www.siemens.com/scef/tia

14 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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Matching SCE trainer packages for these training curriculums

+ SIMATIC S7 CPU 1516F-3 PN/DP
Order no.: 6ES7516-3FN00-4AB1

* SIMATIC STEP 7 Professional V13 - Single license
Order no.: 6ES7822-1AA03-4YA5

* SIMATIC STEP 7 Professional V13 - Classroom license (up to 12 users)
Order no.: 6ES7822-1BA03-4YA5

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1AA03-4YE5S

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1BA03-4YE5S

* SIMATIC STEP 7 Professional V13 - Student license (up to 20 users)
Order no.: 6ES7822-1AC03-4YA5

Note that these trainer packages are replaced with successor packages when necessary.
An overview of the currently available SCE packages is provided at: siemens.com/sce/tp

Continued training
For regional Siemens SCE continued training, get in touch with your regional SCE contact
siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce

Information regarding use

The SCE training curriculum for the integrated automation solution Totally Integrated Automation (TIA)
was prepared for the program "Siemens Automation Cooperates with Education (SCE)" specifically for
training purposes for public educational and R&D institutions. Siemens AG does not guarantee the
contents.

This document is to be used only for initial training on Siemens products/systems. This means it can
be copied in whole or part and given to those being trained for use within the scope of their training.
Circulation or copying this training curriculum and sharing its content is permitted within public training
and advanced training facilities for training purposes.

Exceptions require written consent from the Siemens AG contact: Roland Scheuerer
roland.scheuerer@siemens.com.

Offenders will be held liable. All rights including translation are reserved, particularly if a patent is
granted or a utility model or design is registered.

Use for industrial customer courses is expressly prohibited. We do not consent to commercial use of
the training curriculums.

We wish to thank the TU Dresden, particularly Prof. Dr.-Ing. Leon Urbas and Dipl.-Ing. Annett Pfeffer,
the Michael Dziallas Engineering Corporation and all other involved persons for their support during
the preparation of this training curriculum.
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SCE_EN_012-100 Unspecific Hardware Configuration S7-1500_R1512.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-100, Edition 02/2016 | Digital Factory, DF FA

Table of contents

L € 1o - | T PO O PO T PP PTRR PP 5
D e (= (=T UL | (= T 5
G T I 7Y o PN 5
3.1 SIMATIC S7-1500 automation system 5
3.1.1 RaNGE OFf MOAUIES ...t e e ns 7
3.1.2 Example CONfIQUIatioN ............eoiii e 10

3.2 Operator control and display elements of the CPU 1516F-3 PN/DP 11
3.2.1 Front view of the CPU 1516F-3 PN/DP with integrated display............cccccoeviiiieiiiineenee 11
3.2.2 Status and error AISPIAYS......cocueiii e 11
3.2.3 Operator control/connection elements of the CPU 1516F-3 PN/DP behind the front flap.. 12
3.24 SIMATIC MEMOIY CAN ......eiiiiieiiiie ettt e et e et e e et e e e s st e e e e snbeeeeesneeeaeaaes 13
3.2.5 MOAE SWITCR ...t e bt e e e e e 13
3.2.6 Display Of the CPU ........ueiiiieeie e e 14

3.3 Memory areas of the CPU 1516F-3 PN/DP and the SIMATIC memory card 16
3.4 STEP 7 Professional V13 (TIA Portal V13) programming software 17
3.41 L o1 o PP RRPR 18
3.4.2 Hardware CONfIQUIAtioN ..........oooiiiiiiiiieee e a e e e e e e e e e e 18
3.4.3 Central and distributed automation StruCture .............cccceiiiiiiic i 19
344 Planning the hardWare..............ooo e e 19
3.4.5 TIA Portal — Project view and portal VIEW ............oooiiiiiiiiiiiie e 20
3.4.6 Basic settings for the TIA Portal ... 22
3.4.7 Setting the IP address on the programming deviCe ...........ccooceeiiiiiiii i 24
3.4.8 Setting the IP address in the CPU..........c..iiiiiiiiiee e sreee e 27
3.4.9 Formatting the memory card in the CPU............oociiiiiiii e 30
3.4.10 Resetting the CPU 10 factory SettingsS..........cooiiiiiiiiiiei e 31

L - 1SS P PR PPUPPPTRPT 32
ST o = 1o o1 o Vo TSP RPPTPSRRPRI 33

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
SCE_EN_012-100 Unspecific Hardware Configuration S7-1500_R1512.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-100, Edition 02/2016 | Digital Factory, DF FA

6

7

Structured step-by-Step INSTIUCLIONS ........oooiiiii e e 34
6.1 Create @ NEW PrOJECT ..ooiii i i ittt e e e e e e e e e e e e s e st e e e e e e e e e e s eanrraaeeeaeas 34
6.2 Read the hardware of the SIMATIC S7-1500 .........ooiiiiiiiiiiiee e 35
6.3 Configure the Ethernet interface of the CPU 1516F-3 PN/DP ........ccocciiiiiiieiiieeeee e 41
6.4 Configure the access level for the CPU 1516F-3 PN/DP........cooiiiiiiiiee e 42
6.5 Insert power module PM 190W 120/230VAC ... 43
6.6 Configure the address areas of the digital input and output modules.............cccccceeviieennee 44
6.7 Save and compile the hardware configuration .............cccceiiiiiii e 45
6.8 Download the hardware configuration to the device ............cceevieiiiiiii e 46
6.9 AIrChive the PrOJECE........e e e e e e e e 51
6.10 CRECKIIST ...ttt ettt e st et e et e eteente e saeeeneeenteetenreenneeas 52

Additional INFOrMATION .......coiie e e e e s e e e nbe e e e 53

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. Al rights reserved.

SCE_EN_012-100 Unspecific Hardware Configuration S7-1500_R1512.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-100, Edition 02/2016 | Digital Factory, DF FA

UNSPECIFIED HARDWARE CONFIGURATION —
FOR A SIMATIC S7-1500

1 Goal

In this chapter, you will first learn how to create a project. Next you will be shown in one part of the
task how you can use the TIA Portal to detect hardware already installed and add it to a project.

This hardware will then be configured.

2 Prerequisite

You do not need any previous knowledge from other chapters to successfully complete this chapter.

You only need an S7-1500 controller.

3 Theory

3.1 SIMATIC S7-1500 automation system

The SIMATIC S7-1500 automation system is a modular controller system for the middle to upper
performance range. A comprehensive range of modules is available to optimally adapt the system to

the automation task.

SIMATIC S7-1500 is the next generation of the SIMATIC S7-300 and S7-400 automation systems with

the following new performance features.

— Increased system performance

— Integrated motion control functionality

— PROFINET IO IRT

— Integrated display for machine-level operation and diagnostics

— STEP 7 language innovations while maintaining proven functions
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The S7-1500 controller consists of a power supply (1), a CPU with integrated display (2) and input
and output modules for digital and analog signals (3). The modules are mounted on a mounting rail
with integrated DIN rail profile (4). If necessary, communication processors and function modules are
also used for special tasks such as stepper motor control.

The programmable logic controller (PLC) uses the S7 program to monitor and control a machine or
process. In doing so, the S7 program scans the I/O modules via input addresses (%I) and addresses
their output addresses (%Q).

The system is programmed with the STEP 7 Professional V13 software.

6 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.1.1 Range of modules

The SIMATIC S7-1500 is a modular automation system and offers the following range of modules:

Central processing units (CPUs) with integrated display

The CPUs have different performance capability and execute the user program. In addition, the other
modules are supplied power via the backplane bus with the integrated system power supply.

Additional properties and functions of the CPU:
» Communication via Ethernet
+ Communication via PROFIBUS/PROFINET
* HMI communication for HMI devices
» Web server
* Integrated technology functions (e.g. PID controller, motion control, etc.)
» System diagnostics

* Integrated security (e.g. know-how, copy, access, integrity protection)
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SCE_EN_012-100 Unspecific Hardware Configuration S7-1500_R1512.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-100, Edition 02/2016 | Digital Factory, DF FA

System power supply modules (PS) (rated input voltages 24 V DC to 230 V AC/DC)

with connection to the backplane bus supply the configured modules with the internal supply voltage.

oo

==

Load current supply modules (PM) (rated input voltages 120/230 V AC)

do not have a connection to the backplane bus of the S7-1500 automation system. The load current
supply is used to supply 24 V DC to the system power supply of the CPU, the input and output
circuits of 1/0 modules and the sensors and actuators.

8 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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1/0 modules

for digital input (D) / digital output (DQ) / analog input (Al) / analog output (AQ)

S0a

g e

b

P izmomon =g n=

Technology modules (TM)

as incremental encoders and pulse encoders with/without direction signal

=]
Communication modules (CM)

for serial communication RS232 / RS422 / RS485, PROFIBUS and PROFINET
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SIMATIC memory card

up to a maximum of 2 GB for storing program data and for easy replacement of CPUs during
maintenance.

3.1.2 Example configuration

The following configuration of an S7-1500 automation system will be used for the program example

in this curriculum.

SIEMENS

T mm

[—
a0s |
[ —

@ Load current supply module (PM) with 120/230 V AC, 50 Hz / 60 Hz, 190 W input and 24 V DC /
8 A output

@ Central processing unit CPU 1516F-3 PN/DP with integrated PROFIBUS and PROFINET
interfaces

@ I/0 module 32x digital input DI 32x24VDC HF
@ I/0 module 32x digital output DQ 32x24VDC/0.5A HF
@ I/O module 8x analog input Al 8xU/I/RTD/TC ST

(6) 110 module 4x analog output AQ 4xU/I ST

10 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.2 Operator control and display elements of the CPU 1516F-3 PN/DP

The figure below shows the operator control and display elements of a CPU 1516F-3 PN/DP

The arrangement and number of elements differ from this figure for other CPUs.

3.2.1 Front view of the CPU 1516F-3 PN/DP with integrated display

(1) LED displays for the current operating mode and diagnostic status of the CPU

@ Display
@ Control keys

3.2.2 Status and error displays

The CPU comes with the following LED displays:

RUN/STOP LED (yellow/green LED)

ERROR LED (red LED)

MAINT LED (yellow LED)

LINK RX/TX LED for port X1 P1 (yellow/green LED)
LINK RX/TX LED for port X1 P2 (yellow/green LED)
LINK RX/TX LED for port X2 P1 (yellow/green LED)

@OeeeC
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3.2.3 Operator control/connection elements of the CPU 1516F-3 PN/DP behind
the front flap

LED displays for the current operating mode and diagnostic status of the CPU
Display connection

Slot for the SIMATIC memory card

Mode switch

LED displays for the 3 ports of the PROFINET interfaces X1 and X2
MAC addresses of the interfaces

PROFIBUS interface (X3)

PROFINET interface (X2) with 1 port

PROFINET interface (X1) with 2-port switch

Connection for supply voltage

Fastening screws

SICNCIOISNOICROIOICAS

Note: The front flap with the display can be removed and inserted during operation.
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3.2.4 SIMATIC memory card

A SIMATIC Micro Memory Card is used as the memory module for the CPUs. This is a preformatted
memory card that is compatible with the Windows file system. It is available with various storage
capacities and can be used for the following purposes:

— Transportable data storage medium

— Program card
— Firmware update card

The MMC must be inserted to operate the CPU as the CPUs have no integrated load memory. A
commercially available SD card reader is needed to write/read the SIMATIC memory card with the
programming device or PG/PC. This allows files to be copied directly to the SIMATIC memory card

using Windows Explorer, for example.

Note: It is recommended that the SIMATIC memory card only be removed or inserted when
the CPU is in the POWER OFF state.

3.2.5 Mode switch

The mode switch allows you to set the operating mode of the CPU. The mode switch is designed as
a toggle switch with 3 switch positions.

Position Meaning Explanation

RUN RUN mode The CPU processes the user program.
STOP STOP mode The CPU is not executing the user program.
MRES Memory reset Position for CPU memory reset.

You can also use the button on the CPU operator panel of the STEP 7 Professional V13 software in
Online & Diagnostics to switch the operating mode (STOP or RUN).

The operator panel also contains an MRES button for performing a memory reset and displays the
status LEDs of the CPU.

w | CPU operator panel

Press Cantrol [CPU 1516-3 PMIDF]
[l runisTOP RN

ERROR STOF

RlAINT MRES

Mode selectar: RUN
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3.2.6 Display of the CPU

The S7-1500 CPU has a front flap with a display and control keys. Control data and status data can
be displayed in various menus on the display and numerous settings can be configured. You use the

control keys to navigate through the menus.

The display of the CPU offers the following functions:

14

e 6 different display languages can be selected.
e Diagnostic messages are displayed in plain text.

e The interface settings can be changed locally.

e Password assignment for display operation is possible through the TIA Portal.

View of the display of an S7-1500:

CPU 1516-3 PN/DP

L6

BES7 516-2ANDO-OAEQ
oK (1)
(1) CPU status information
(& Submenu name
(@ Information display field
(@ Navigation aid, e.g. OK/ESC or the page number

Control keys of the display
e Four arrow keys: "up", "down", "left", "right"

e An ESC key

e An OK key
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Functions of the "OK" and "ESC" keys

— For menu commands in which an input can be made:

— OK — valid access to the menu command, confirmation of input and exit from editing
mode

— ESC — restoration of original content (which means changes are not saved) and exit from
editing mode

— For menu commands in which no input can be made:

— OK — to next submenu command
— ESC — back to previous menu command

Available submenus of the display:

Main menu Meaning Explanation
commands
. Overview The "Overview" menu contains information about the
1 properties of the CPU.
% Diagnostics The "Diagnostics" menu contains information about
diagnostic messages, the diagnostic description and the

indication of interrupts. There is also information about the
network properties of each interface of the CPU.

Settings In the "Settings" menu, the IP addresses of the CPU are
\ assigned, the date, time, time zones, operating modes
(RUN/STOP) and protection levels are set, the CPU
memory is reset and its factory settings are restored and the
status of firmware updates is displayed.

Modules The "Modules" menu contains information about the

i modules that are used in your configuration. The modules
can be used as central or distributed modules.

Distributed modules are connected to the CPU via
PROFINET and/or PROFIBUS.

You have the option here to set the IP addresses for a CPU.
Display In the "Display" menu, settings are made for all aspects of
n the display, such as the language setting, brightness setting
and Energy-saving mode. (Energy-saving darkens the
display. Standby mode switches off the display.)
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3.3 Memory areas of the CPU 1516F-3 PN/DP and the SIMATIC memory

card

The following figure shows the memory areas of the CPU and the load memory on the SIMATIC

memory card.

In addition to the load memory, other data can be loaded onto the SIMATIC memory card using
Windows Explorer. This includes recipes, data logs, project backups and additional documentation

for the program.

Code work memory
Code blocks (FC, FB, OB)
T

Data work memory
+»+  Global data blocks
- Instance data blocks
=+ Technology objects
|
Retentive memory
Parts of:
> Global data blocks
[ Instance data blocks
o Technology objects
[**  Bit memory, timers, counters
|

I
i Additional memory areas

b+ Bit memories, timers and counters
Temporary local data
Process images (I/0)

- ;‘i'.ﬁr

Load memory

B | 0ad memory

I (on SIMATIC memory card)
> Code blocks (FC, FB, OB)
Data blocks (DB)

Hardware configuration
Technology objects

Load memory is non-volatile memory for code blocks, data blocks, technology objects and the
hardware configuration. When these objects are downloaded to the CPU, they are first stored in the
load memory. This memory is located on the SIMATIC memory card.

Work memory

Work memory is volatile memory that contains the code and data blocks. The work memory is
integrated into the CPU and cannot be expanded. In S7-1500 CPUs, the work memory is divided into

two areas:

— Code work memory:

— The code work memory contains runtime-relevant parts of the program code.

— Data work memory:

— The data work memory contains the runtime-relevant parts of the data blocks and

technology objects.
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At the operating mode transitions from POWER ON to startup and from STOP to startup, tags of
global data blocks, instance data blocks and technology objects are initialized with their start values.
Retentive tags retain their actual values that were saved in the retentive memory.

Retentive memory

Retentive memory is non-volatile memory for saving certain data in the event of power failure. The
tags and operand areas that have been defined as retentive are saved in the retentive memory. This
data is retained beyond power-off or power failure.

All other program tags are set to their start values at the operating mode transitions from POWER
ON to startup and from STOP to startup.

The content of retentive memory is deleted by the following actions:
e Memory reset
e Reset to factory settings

Note: Certain tags of technology objects are also stored in the retentive memory. These tags

are not deleted by a memory reset.

3.4 STEP 7 Professional V13 (TIA Portal V13) programming software

STEP 7 Professional V13 (TIA Portal V13) software is the programming tool for the following
automation systems:

- SIMATIC S7-1500
- SIMATIC S7-1200
- SIMATIC S7-300
- SIMATIC S7-400
- SIMATIC WinAC

STEP 7 Professional V13 provides the following functions for plant automation:

- Configuration and parameter assignment of the hardware

- Specification of the communication

- Programming

- Testing, commissioning and servicing with operational/diagnostic functions

- Documentation

- Creation of visualizations for SIMATIC Basic Panels using the integrated WinCC Basic software

- Visualization solutions for PCs and other panels can also be created with other WinCC software
packages

Support is provided for all functions through detailed online help.
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3.4.1 Project

To implement a solution for an automation and visualization task, you create a project in the TIA
Portal. A project in the TIA Portal contains the configuration data for the configuration and

internetworking of devices as well as the programs and the configuration of the visualization.

3.4.2 Hardware configuration

The hardware configuration includes the configuration of the devices, consisting of the hardware of the
automation system, the intelligent field devices and the hardware for visualization. The configuration of
the networks specifies the communication between the various hardware components. The individual

hardware components are inserted in the hardware configuration from catalogs.

The hardware of automation systems comprises controllers (CPUs), signal modules for input and
output signals (SMs) and communication processors, and interface modules (CP, IM). Power supply

and voltage supply modules (PS, PM) are also available to supply the modules.

The signal modules and intelligent field devices connect the input and output data of the process to be

automated and visualized to the automation system.

Visualization

— -
|
| |
e

Central structure

Distributed structure

L1l [TTTTT [TTTTT

Actuators/sensors

Figure 1: Example of hardware configuration with central and distributed structures

The hardware configuration enables the downloading of automation and visualization solutions to the

automation system and access to the connected signal modules by the controller.
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3.4.3 Central and distributed automation structure
Figure 1 shows an automation structure that contains both central and distributed structures.

In central structures, the input and output signals of the process are transmitted by way of
conventional wiring to the signal modules, which are connected directly to the controller. Conventional

wiring refers to the connection of sensors and actuators using 2-wire or 4-wire cables.

The distributed structure is the predominant structure used today. Here, the sensors and actuators are
wired conventionally only as far as the signal modules of the field devices. The signal transmission

from the field devices to the controller is implemented using an industrial communication system.

Both classic fieldbuses such as PROFIBUS, Modbus and Foundation Fieldbus as well as Ethernet-
based communication systems such as PROFINET can be used as the industrial communication

system.

In addition, intelligent field devices in which stand-alone programs run can also be connected via the

communication system. These programs can also be created with the TIA Portal.

3.4.4 Planning the hardware

Before you can configure the hardware, you must plan it (hardware planning). In general, you begin by
selecting which controllers are needed and how many. Next you select the communication modules
and signal modules. The selection of signal modules is based on the number and type of inputs and
outputs needed. As the final step, a power supply that ensures that the necessary power is supplied

must be selected for each controller or field device.

The functionality required and the ambient conditions are of vital importance for planning the hardware
configuration. For example, the temperature range in the application area sometimes limits the

devices available for selection. Fail-safe operation might be another requirement, for example.

The TIA Selection Tool (Select automation technology — TIA Selection Tool and follow the

instructions) provides you support. Note: TIA Selection Tool requires Java.

Note for online research: If more than one manual is available, you should look for the
description "Device Manual", "Product Manual" or simply "Manual" (as opposed to "Function

Manual”, "List Manual”, "System Manual", etc.) in order to find the device specifications.

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 19
SCE_EN_012-100 Unspecific Hardware Configuration S7-1500_R1512.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-100, Edition 02/2016 | Digital Factory, DF FA

3.4.5 TIA Portal — Project view and portal view

20

The TIA Portal has two important views. When started, the TIA Portal displays the portal view by

default. This view makes getting started easier, especially for beginning users.

The portal view provides a task-oriented view of the tools for working on the project. Here, you can
quickly decide what you want to do and open the tool for the task at hand. If necessary, a change to

the project view takes place automatically for the selected task.

Figure 2 shows the portal view. At the bottom left, there is an option to switch between this view and

the project view.

TA Siemens - D:\00_TIA_Portal\012_100_CPU1500:012_100_CPU1500 -ox

Totally Integrated Automation

First steps

Project: "012_100_CPU1500" was opened successfully. Please select the next...

Open existing project

[~]
b Create new project B
proj |~\-.~\
Migrate project
Close project
8 b Configure a device
Welcome Tour
> .
_ \;@@ Write PLC program
First steps
Configure 1
technology objects
Installed software i %z Parameterize drive
Help
] Configure an HMI
l screen
User interface language

Open the project view

b Project view Opened project: D:\00_TIA_Portal\012_100_CPU15001012_100_CPU1500

Figure 2: Portal view
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The project view, as shown in Figure 3, is used for hardware configuration, programming, creation of

the visualization and many other tasks.

By default, the project view displays the menu bar with the toolbars at the top, the project tree with all

components of a project on the left and the so-called task cards with instructions and libraries, for

example, on the right.

If an element (for example, the device configuration) is selected in the project tree, it is displayed in

the center and can be worked on there.

T4y Siemens - D:\00_TIA_Portal\012_100_CPU1500:012_100_CPU1500

Project Edit View Insert Online

Options Tools Window Help

Figure 3: Project view
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3.4.6 Basic settings for the TIA Portal

— Users can specify their own default settings for certain settings in the TIA Portal. A few

important settings are shown here.

— In the project view, select the »"Options" menu and then — "Settings".

4 Siemens
Project Edit View |Insert Online Options Toels Window Help

Totally Integrated Automation
PORTA

5 (Y H sovepojecr & ¥ = mE x 20

Support packages

Manage general station description files (GSD)
Start Automation License Manager

Devices

EHQQ

syse] it

[#| show reference text

L] Global libraries »

» [p Online access

» 53 Card Reader/USE memory

saueiqr] £

Jinfo | % Diagnostics

? | Details view

¢ Portl view
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— One basic setting is the selection of the user interface language and the language for the

program display. In the curriculums to follow, "English" will be used for both settings.

Under — "General" in "Settings", select "User interface language — English" and "Mnemonic

— International”.

T4 Siemens _OX

Project Edit View Inset Online Options Tools Window Help Tomlly Inteaates Atonaron
G DiH soveproject & X 35 52 X ¥ 5\ MG B R F coonline i cooffine o M M8 € H ] PORTAL

8 Cerera
General
Software updates General settings
Scriptitext editors
Print settings Username: |Michael Dzallas

» Hardware configuration

General

T

sapelq & ” syse] it

User interface language: | English

» PLC programming N | |
STEP 7 Safety Mnemonic: | Internaticnal -
» Simulati 4
imutaten i Show list of recently used
» Online & diagnostics [ projects: |8 _|®| elements
s 3'“"“? b (@ Load most recent project during startup
} Visualization H
Keyboard shortcuts Tooltips: ¥ Show truncated texts completely

=] Show tooltips (context-sensitive help is available)

[¥ Open cascade automatically in tooltips

Note: These settings can always be changed.

When Safety CPUs are used (e.g. CPU 1516F-3 PN/DP) without the use of safety

engineering, it is recommended that automatic creation of the safety program be deactivated

before creating a project.

In "Settings" under the — "STEP 7 Safety" item, deactivate — "Generate default fail-safe
program".

T4 Siemens -ox

Project Edit View Insert On\ineA Options  Tools Window Help Ty g Res A e
U5 (3 [l soveproject @' X 78 [ X (2 (2 G M B R F coonline F Gooffiine  flo [ 2¢ H [1] PORTAL

iy
syse | it

» General
» Hardware configuration
» PLC programming General
¥ Simulation [ Generate default fail-safe program
» Online & diagnostics

PLC alarms
» Visualization

Keyboard shortcuts

STEP 7 Safety
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3.4.7 Setting the IP address on the programming device

To program SIMATIC S7-1500 from the PC, the programming device or a laptop, you need a TCP/IP
connection or an optional PROFIBUS connection.

For the PC and SIMATIC S7-1500 to communicate with each other via TCP/IP, it is important that
the IP addresses of both devices match.

First, we show you how to set the IP address of a computer with the Windows 7 operating system.

— Locate the network icon in the taskbar at the bottom m and click — "Open Network and
Sharing Center".

Met connected 3
dﬂ:‘] Connections are available
Wireless Metwork Connection ~
all
'”!!_‘;r_-ll Metwork and ':':'r1.5r||'.-.J' Center
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— In the open Network and Sharing Center window, click — "Change adapter settings".

“* » Control Panel » All Control Panel rems » Metwork

QU

Control Panel Home

View your basic network

Change adapter cettings [La..l-
T~

Changéd_dvanced sharing
settings )
(This computer)

View your active networks

Metwork
L‘ Home network

-

— Select the desired — "Local Area Connection" that you want to use to connect to the

controller and click — "Properties".

@Qv|@ + Control Panel » Metwork am

Organize = Disable this network device

_'-. Local &rea Connecticn
%ﬁ/ Metwork

S Intel(R) 82578DC Gigabit Network...
® Disable

Status

Diagnose
'@ Bridge Connections

Create Shortcut
Delete

'@ Rename

P rti
'@' e
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— Next, select — "Properties” for — "Internet Protocol Version 4 (TCP/IP)".

L ™
[ Local Area Connection Properties u

Metworking | Sharing

Connect using:
l‘-'?' Intel(R) 825780C Gigabit Network Connection

This connection uses the following items:

1% Cligrtt for Microsoft Networks

o8l \/Mware Bridge Protocal

=l 005 Packet Scheduler

.Q File: and Printer Sharing for Microsoft Networks

. |rtemet Protocol Version & (TCP/IPvE)

o et Protocol Version 4 (TCF/IPv4) |

& Link-Layer Topology Discovery Mapper /0 Driver
& Link-Layer Topology Discovery Responder

Install.... Uninstall

Description h‘
Transmizsion Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networls.

[ ok || Cancel |

— You can use the following IP address, for example — IP address: 192.168.0.99 — Subnet

mask 255.255.255.0 and accept the settings (— "OK")

Internet Protacol Version 4 (TCP/IPv4) Properties m

General

‘fou can get IP settings assigned automatically if your network supports
this capability, Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Obtain an IP address automatically
(@) Use the following IP address:

IP address: 192 1688, 0 . 99
Subnet mask: P55 2585 . 285 . 0

Default gateway: 4 2 :

Obtain DNS server address automatically

(@) Use the following DNS server addresses:

Preferred DNS server: : : s
Alternate DNS server: I:I

[ o '\e][ Cancel |
Lag
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3.4.8 Setting the IP address in the CPU
The IP address of SIMATIC S7-1500 is set as follows.

— Select the Totally Integrated Automation Portal for this, which is opened here with a double-
click. (— TIA Portal V13)

ALE
TIA Portal V13

— Select — "Online & Diagnostics" and open the —"project view".

Tify Siemens “OX

Totally Integrated Automation

® Accessible devices

Online &
Diagnostics

}» Project view
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— In the project tree under — "Online access", select the network adapter that was set

previously. If you click — "Update accessible devices" here, you will see the IP address (if

previously set) or the MAC address (if IP address not yet assigned) of the connected

SIMATIC S7-1500. Select — "Online & Diagnostics" here.

T4 Siemens
Prpject Edit  View Insel:t On}\'ne‘ Options Teols Window Help : Totally Integrated Automation
Cf Hsovepoecs @ ¥ 32 B X D 5 MM & Goonline ¥ Goofiline fia [ MB 3¢ H (1 PORTAL

Project tree

Devices
HOO

~ [1g Online access
1 Displaylhide interfaces

» [ cOM [RS232/PPI multi-master cable]
= [J Intel(R) Ethemet Connection 1217-LM

Be Update accessible devices

~[m cpu_1516f.profinet-schnittstelle_1[192.168.0.1]
4] Online & diagnostics

» I8 Program blocks

» [ Technology objects

» [ PLC data types

» [ Online card data

» [ Dell Wireless 1550 802.11ac
» [ ViMware Virtual Ethemet Adapter for ViMnet1
» [ Viware Virtual Ethemet Adapter for VMnet8
v [ PC Adapter [MPI)
» [ PC intemal [Local]
» [ PLCSIM [PNIE]
3 I‘_-u PLCSIM 57-1200/57-1500 [PN/IE]
» [ UsB [S7UsB]
» [ TeleService [Automatic protocol detection]

» [ Card Reader/USB memory & properties  |?info |2 Diagnostics

General H Cross-references || Compile |

@mlshuwa\\ messages |"
> | Details view
4 Portal view i Scanning for pleted for int...

]
]
]
]
]
et
=
]
]
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— Under— "Functions", you now find the — "Assign IP address" item. Enter the following IP
address here (example): — IP address: 192.168.0.1 — Subnet mask 255.255.255.0. Next,
click — "Assign IP address" and this new address will be assigned to your SIMATIC S7-
1500.

T4 Siemens —ox

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

5 i H saveproject @ ¥ =22 X 922 WEMEE R § coonline ¥ cooifline | o [ I 3¢, H (1] PORTAL
Devices _ °
5 » Diagnostics . =
Lio© - Functions Assign IP address =
3
it =]
~ [ Online access dsiliiscdes ES
Y Displayihide interfaces iemme dat MAC address: 00 18 -1B -71 -5C -CD
» L COM [RS232/PPI multi-master cable] Jm| " Pimwere update D =
~ [} Intel(R) Ethernet Connection 12171M ] RIS PR 02 163.0 .1 =
= Reset to factory settings EREIEEE . . . 2
B2 Update accessible devices < x " B
< ’?]l cpu_1516f.profinet-schnittstelle_1 [192.168.0 [Ferm=d m..emc;ry car S o 255 255 .0 N
4/ Online & diagnostics HOEE L E | ] Use router E
» ! Program blocks f Routeraddress: 192 . 168 . 0 =
» [ Technology objects N i 2.168.0 £
Mz H E
» Ry PLC data types ‘Assign IP address z
» | = Online card data B
» Eﬂ Dell Wireless 1550 802.11ac =] ~ Assign a device address to the medule | |
» [0 vMware Virtual Ethemet Adapter for VMnet1 ] Assigns the IP configuration to the
» [ VMware Virtual Ethemet Adapter for VMInets L] module.
» [ PC Adapter [MPI] &
» (R PC intemnal [Local] ]
» [0 PLCSIM [PNIIE] )
» [ PLCSIM S7-1200/57-1500 [PNIIE] L2
» [ UsB [S7USE] . =
i . 5 % Di =
» (7 Teleservice [Automatic protocol detection] ] |§ ropertics H L info H & Diagnostics
v [ Card Reader/LUSE memory || General | Cross-references | Compile |
@\I‘ Show all messages T
! Message Goto |? Date Time
< [ B
* | Details view <] 1l
o e LT

Note: The IP address of the SIMATIC S7-1500 can also be set via the display on the CPU,
provided this is enabled in the hardware configuration.

— If the IP address was not successfully assigned, you will receive a message in the — "Info"

window under — "General".

9 Properties [™}info |2l Diagnostics

J General || Cross-references || Compile |

@m|showall meszages [+]

1 Message Go to ? Date Tirne
€ ~ TheIPaddress could not be assigned. ? 21912015 1:32:54PM E
(%] The set command could not be executed. 21912015 1:32:54PM =
v
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3.4.9 Formatting the memory card in the CPU

— If the IP address could not be assigned, the program data on the CPU must be deleted. This

is accomplished in 2 steps: — "Format memory card" and —"Reset to factory settings".

— First, select the — "Format memory card" function and press the — "Format" button.

T4y Siemens -Oox
Project Edit View Insert Onhne— Options Tools Window Help Totally Integrated Automation
Gf (H soveproeer @ ¥ 2 2 X D 5 MG E R coonline §F coofiine | iy [ W 3¢ ] 1] PORTAL
Devices o
[l =
=00 » Diagnostics E
— =
- Functions Format memory card 5
g
~ i) Online access stwtgn\P FlilEs E
¥ Displayihide interfaces etume :
v [ COM [RS232/PR multi-master cable] m| ' ;‘””WE’E I &
~ [} Intel(R) Ethernet Connection 12171M = ssign m?me . IPaddress:  192.168.0 .1 3
fi? Update accessible devices fesetbluclonEE i PROFINET device name: |cpu_1516fprofinet-schnittstel 5
= T]l cpu_1516f.profinet-schnittstelle_1[192.168.0 o 9
. 5 o - Save service data “ |
%/ Online & diagnostics : u 0
» T Program biocis I £
v E=
] Ep Technology cbjects H w Format 5
' ;ﬂ ESSdaailypes Formats the z
+ [2 Online card data memorycard of the g
» [ Dell Wireless 1550 802.11ac . selected CPU. ||
» El] VMware Virtual Ethemet Adapter for VMnet] ]
» Eﬂ Viware Virtual Ethemet Adapter for VMnet8 L]
»+ (7 PC Adapter [MPI] ..
+ [B pC intemal [Local] ]
» 1 PLCSIM [PNIIE] 5|
» [ FLCSIM 57-1200157-1500 [PNIIE] Lo |<i Properties |%info [ Diagnostics
~
» [8 usB [s7us) I 7
;u ; I J General H Cross-references H Compile \
» L TeleService [Automatic protocol detection] ..}
» [ Card Reader/USB memory @E“ Show all messages [~]
! | Message Goto |7 Date Time
€3 ~ TheIPaddress could not be assigned. 7 21192015 1:32:54PM E‘
@ The set command could not be executed. 21912015 1:32:54PM —
Al [ 3

> | Details view <| [T
4 Portal view =3 Overview |g Online & dia._. . =

— Confirm the prompt asking if you really want to format the memory card with — "Yes".

Online & diagnostics (0241:000024)

I Do you really want to format the
memory card?

Formatting a memory card is only permitted in STOP
mode. Do you want to stop the CPU?
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3.4.10 Resetting the CPU to factory settings

— Before you can reset the CPU, you must wait until the formatting in the CPU has finished.
Then you must select — "Update accessible devices" and — "Online & diagnostics" of your
CPU again. To reset the controller, select the — "Reset to factory settings" function and click

— "Reset".

714 Siemens —ox
Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
Ci i sovepoject & ¥ =252 X 9 W E B & coonline ¥ sooffiine | o [ W 2 - 1| PORTAL
Devices o
N » Diagnostics I ES
8] : 5
- Functions Reset to factory settings a
F g
~ [fg) Online access .:stsltgan TEiEES E
Y Displayihide interfaces ettme i
+ [ COM [RS232/PR multi-master cable] 7] i'""‘”“ risis B
~ [ Intel(R) Ethemet Connection 1217-LM Ja o, nme " [Paddress:  192.168.0 .1 3
fi? Update accessible devices Heseltd actury;eng; PROFINET device name: 3
~ [l cpu_1516.profinet-schnittstelle_1[192.168.0 P i Tl L 7]
w . . 5 b Save service data 4 L
%/ Online & diagnostics ] [l ® Retain IP address E
» = b
= Eioosuiblosks " () Delete IP address E:
» L% Technology objects H =7
b (& PLC dsta types E
+ (= Online card data P Reset -3
» [0 Dell Wireless 1550 802.11ac ] |
» Eﬂ WMware Virtual Ethemet Adapter for VMnet1 ]
3 :ﬂ VMware Virtual Ethemet Adapter for VMnets ]
» [ PC Adapter [MPI] ]
» (B PC internal [Local] ]
» [0 PLCSIM [PNIIE] |
» L1 PLCSIM 57-1200157-1500 [PNHE] Lo e properties [*info | Diagnostics
» [0 usB [S7UsB] ] .
pi I . I . J General || Cross-references ” Compile |
» | TeleService [Automatic protocol detection] ]
» [ Card ReaderiUSE memory @\I‘l show all messages 2]
! Message Goto |7 Date Time
[i] Scanning for devices completed for interface Intel(R) Ethernet Connection 1217-LM. No dev 2119i2015 1:35:02 PM
0 Scanning for devices on interface Intel(R) Ethemet Connection 1217-LM was started. 21912015 1:35:20 PM =
A I UL H 3 ﬂ ! Scanning for devices completed forinterface Intel(R) Ethernet Connection 1217-LM. Found 21912015 1:35:290 PM

> | Details view < [
4 Portal view £3 Ovenview I& Online & dia... i Scanning fo ted for int...

— Confirm the prompt asking if you really want to reset the module with — "Yes".

Online & diagnostics (0241:000019)

Do you really want to reset the
module?

Resetting is only allowed in STOP
] mode. Do you want to stop the CPU?

| Yes | ! No :
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4 Task

Create a project and add the modules of the existing hardware (here: Trainer Package SIMATIC S7-
1500F with CPU 1516F-3 PN/DP) by using the automatic hardware detection of the TIA Portal. The

following modules must be detected:

— SIMATIC S7-1500F, CPU 1516F-3 PN/DP, WORK MEMORY 1.5 MB PROGRAM, 5 MB
DATA, 1. INTERFACE, PROFINET IRT WITH 2 PORT SWITCH, 2. INTERFACE,
ETHERNET, 3. INTERFACE, PROFIBUS, 10 NS BITPERFORMANCE, SIMATIC
MEMORY CARD REQUIRED (order number: 6ES7 516-3FN01-0ABO)

—  1X SIMATIC S7-1500, DIGITAL INPUT MODULE DI 32 X DC24V, 32 CHANNELS IN
GROUPS OF 16 (order number: 6ES7521-1BL00-0ABO)

— 1X SIMATIC S7-1500, DIGITAL OUTPUT MODULE DQ 32 X DC24V / 0.5A; 32
CHANNELS (order number: 6ES7 522-1BL01-0ABO)

— 11X SIMATIC S7-1500, ANALOG INPUT MODULE Al 8 X U//RTD/TC, 16BIT
RESOLUTION 8 CHANNELS IN GROUPS OF 8 (6ES7 531-7KF00-0ABO)

— 1X SIMATIC S7-1500, ANALOG OUTPUT MODULE AQ 4 X U/l ST, 16BIT
RESOLUTION, 4 CHANNELS IN GROUPS OF 4 (order number: 6ES7 532-5HD00-
0ABO)

You must add the following module yourself:

— 11X SIMATIC PM 190W 120/230VAC STABILIZED POWER SUPPLY Input: 120/230 VAC
output: 24 V DC / 8 A (order number: 6EP1333-4BA00)
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5 Planning

Because this is a new system, a new project must be created.

The hardware for this project is already specified by the existing hardware (here: SIMATIC S7-1516F
PN/DP Trainer Package). Therefore, a selection does not have to be made. Instead, the listed

modules of the Trainer Package are detected directly. The order numbers (see Task or Table 1) can

be used for checking purposes.

Module Order number Slot Address area
CPU 1516F-3 PN/DP 6ES7 516-3FN01-0ABO 1

DI 32x24VDC HF 6ES7 521-1BL00-0ABO 2 0...3

DQ 32 X DC24V /0.5A HF | 6ES7 522-1BL01-0AB0 3 0...3

Al 8 X U/I/RTD/TC, 16BIT | 6ES7 531-7KF00-0ABO 4 64...79
AQ 4 X U/l ST, 16BIT B6ES7 532-5HD00-0ABO 5 64...71

Table 1: Overview of the planned configuration

The address areas must now be configured.

The power module is not automatically detected and must be manually added.

Module

Order number

Slot

Address area

PM 190W 120/230VAC

6EP1333-4BA00

0

Table 2: Module to be manually added

As the final step, the hardware configuration must be compiled and downloaded. Any errors present
can be detected during compilation and incorrect modules can be detected when the controller is

started (only possible when hardware is present and structured identically).

The tested project must be saved and archived.
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6 Structured step-by-step instructions

You can find instructions on how to carry out planning below. If you already have a good
understanding of everything, it is sufficient to focus on the numbered steps. Otherwise, simply follow

the steps of the instructions illustrated below.

6.1 Create a new project

— Select the Totally Integrated Automation Portal for this, which is opened here with a double-

click. (— TIA Portal V13)

TIA Portal V13

— In the portal view under the "Start" menu, select the command — "Create new project".

T4y Siemens

#® Open existing project

# Create new project

#® Migrate project

#® Welcome Tour

— Modify Project name, Path, Author and Comment as appropriate and click — "Create".

Create new project

e 81T H012_100_CPU1500

|
Path: |D:00_TA_Portal T
|

Author: | Michael Daallas

Comment:

— The project will be created and opened and the menu "Start", "First steps" will open

automatically.
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6.2 Read the hardware of the SIMATIC S7-1500

— In the — "Start" portal, select — "First steps" — "Devices & Networks" — "Configure a

device".

T4 Siemens - D:\00_TIA_Portal\012_100_CPU15001012_100_CPU1500 —ox

Totally Integrated Automation

First steps

- . . Project:"012_100_CPU1500" was opened successfully. Please select the next...
Open existing project

=
) Create new project []
proj | \\\
) Migrate project
b Close project
N | Configure a device
) Welcome Tour
_ - Write PLC program
First steps
Configure 1
technology objects
Installed software H 2 Parameterize drive
.
Help
] Configure an HMI
I - screen
User interface language

Open the project view

» Project view opened project: DA00_TIA_Portah012_100_CPU1500\012_100_CPU1500

— The "Show all devices" menu opens in the "Devices & Networks" portal.

— Switch to the "Add new device" menu.

T4 Siemens - D:W00_TIA_Portal\012_100_CPU1500\012_100_CPU1500 —_ox

Totally Integrated Automation

Add new device

[2]

networks

I Devices & ) Show all devices Device name:

Add new device ‘ |

e— ~ [ Controllers -
m » [l SIMATIC 57-1200
» [l SIMATIC 57-1500
Controllers » [l SIMATIC 57-300

» [l SIMATIC 57-400
» [l SIMATIC ET 200 CPU
» [, Device Proxy

) Configure networks

Article no.:
Version:

Description:

|
=

PC systems

} Project view Opened project DA00_TIA_Portal\012_100_CPU15001012_100_CPU 1500
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— Create a new CPU. Use an unspecified model of the S7-1500 CPU with order number 6ES7

EXX-XXXXX-XXXX for this.

(Controllers —» SIMATIC S7-1500 — CPU — Unspecified CPU 1500 — 6ES75XX-XXXXX-

XXXX — V1.8)

T Slemens - D00_TIA_Portald12_100_CPU1 5001 2_100_CRUTS00

Add new dovice

Device name:

Devices & L
networks

LT}
Controllers

|

HMI

=

PC systems

Drves

B Add new device

-0X

Totally Integrated Automation

= [ Controllers
» [ SIMATIC 57-1200
- [ SIMATIC 57-1500
- (@ cr
» [CPUISTI PN —
» [ CPUISTICI PN -
» [ CPUISI2C-1 PN )
» [ CPUISIZ- 1PN
» [ CRUTSIS-2 PN
» g CPUTS16-3 PNDe
» g CPUTST7-3 PNIDP
b g CPUTST8-4 PNIDP
» [ CPUTSTIF1 P
¥ [ CRUTS13F- 1PN
» (@ CPU1515F-2 PN
+ [ CPU1516F-3 PRIDP
» [ CPU1S17F-3 PRIDP
+ [ CPU1518F-4 PNIDP

Device: -

Artiche N0 | GL5T SXAOUOUN
Vertion: r] [=]
Deseription:

Ungpecied CFU 1500

» [ SIMATIC 57-300

» [ SIMATIC $7-400

¥ [ SIMATIC ET 200 CPU
» [ Device Proxy

— Assign a device name (Device name — "CPU_1500").

Device narme:

| CPU_1500|

— Select "Open device view".

[w] Open device view
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— Click "Add".

T Slemens - DN0D_TIA_Portalidl 2 150001 2_100_CFUT500 -OX

Totally Intageated Autom.

Add new device

Devices & 5 Device name:
networks

CPU_1500

@ Add new device

- [ Controliers Divice: =
» [ SIMATIC 571200
= [ SIMATIC £7-1500
~[@cr

» [WCPUIST-IMN
W CPUISTIC- M
W CPUIS12C- 1PN
W CPU 151341 PN
W CPUIS15.2 PN
& CPU 1516-3 PHIDP Version: VIE -
B CPU1517-3 PNIDP
W CPU 15 16-4 PHIDP Description:
W CPUISTIF-1PN untpecified CPU 1500
W CPUISI3F-1 PN
W CPUI515F-2 PN
W CPUIS16F-3 PNDP
3 CPUTS17F-3 PRIDP
3 CPU 1S 18F-4 PP
..I 8 Unspecified CPU 1500

] I GEST 506 3000060000
o CPUSIPLLS
» [ SIMATIC 57-300
» [ SIMATIC $7-400
»
"

Unspecified CPU 1500

Artiche o | BEST EXO00000000

W]

B SIMATIC ET 200 CPU
T Devioe Proxy

[ Open device view

b Project view opened project: DAOD_TIA_Portaly012_100_CPU1500\012_100_CPU1500

— The TIA Portal now switches automatically to the project view and displays a notice there
that this device is not specified. In order to have the hardware configuration automatically

detected, start detection by clicking "detect" in the yellow information box (— detect).

siemens - D:\00_TIA_Portal\012_100_CPU1500:012_100_CPU1500

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
GF (M E seveproject S} M i T x @ G MG E R S coonline @ cooffline b ME x4 PORTAL
4

!
Project tree [

Devices ‘E Topology view |||';|‘E't| Network view |m'|‘ Device view ‘ Options =[]
e M £=
HQQ | d¢ [cru_1500 2R - Al R = = g
[~] ~ | catalog z
B¢ Add new device £ )
ﬁEﬁ Devices & networks Bill(er :—J
7 CPU_1500 [Unspecific CPU 1500] 'F{IW =
I pevice configuration == D il Ps ||
+ [l Program blocks 0 1 2 3 a 5 6 7 4 - Gl w
» [ Technology objects Rail 0 D r_i. ol o
4 External source files - e D ;. oQ 5
» @ PLC tags 3 & DIDQ ;
» [ PLC data types L] » m Al =
@
} 55 Watch and force tables i 4 il &2
v [ Traces ] » L AAQ =
= =
+ [, Device proxy data o ] :. Communicati... :(
B0 Program info » [ Technology mo... 2
=4 PLC alarms » [ Interface modul... [
E] Textlists L
+ [ Local modules L1
» [g# Common data E
= - - S
D I-_;m Documentation settings The device is not specified. ES
o
n’ STt 5 G (G Eas — Flease usethe 10 specify the CFU, “
b rfm OnLnE acd:e;s = or detect the configuration of the connected device. | |
» ¢ Card ReaderlUSE memory
<] Bllooe T+ —— 90l o s
‘& properties |%4Info @] %) Diagnostics > | Information

> | Details view
4 Portal view = Overview Iﬂ-ﬂh CPU_1500

v P
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— Select the type of your PG/PC interface. (— Type of the PG/PC interface: PN/IE).

Hardware detection for CPU_1500

[X
Type of the PGIPC interface: | Please select... -
PGIFC interface:  LSEEECSM ©
®_PNIE
d_Teleservice
Compatible accessible nodes of the selected interface:
Device Device type Type Address MAC address
Flash LED
Start search
Online status information:
[ Display only error messages
| Detect || Cancel |

— You can now select the network adapter you want to use to establish an Ethernet connection

to the PLC. (— PG/PC interface: Intel(R) Ethernet Connection 1217-LM)

Hardware detection for CPU_1500

X
Type of the PGIPC interface: ﬁ_PNfIE [+]
PGIPC interface:  |Please select... - ®©
Please select.

=] Intel(R} Ethernet Connection [217-LM

5 . . & Dell Wireless 1550 802.11ac
Compatible accessible nodes of the selected interfa T hware Virtual Ethemet Adspter for VMnet1

T Device type Type & viware virtual Ethernet Adspter for ViMnetd

T PLCSIM

@ PLCSIM 57-1200/57-1500
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— The search for devices in the network must be started by clicking the — - Startsearch |
button.

Hardware detection fof CPU_1500 %

! Type of the PGIPC interface:  |R_PNIE -

][N Y- = Intel(R) Ethernet Connection 1217-LM

Compatible accessible nodes of the selected interface:

Device Device ype Type Address MAC address

Start search

Online status infarmation:

[7] Display only error messages

Detect || gancel

— All accessible nodes are found and listed. If you have selected the correct CPU, the

corresponding CPU and all the connected modules will be detected when you click "Detect".

Hardware detection for CPU_1500 1%

! Type of the PGIPC interface: | PNIE -

PGIPC interface: | Intel(R) Ethernet Connection 1217-L -~ ©

Compatible accessible nodes of the selected interface:

Device Device type Type Address MAC address
cpu_1500.profinet-sch.. CPU1516F-3 PNL. PNIIE 192.168.0.1 00-1B-1B-71-5C-CD
[ Flash LED
Startsearch

Online status information:
37 Retrieving device information...
Scan and information retrieval completed. —
[T Display only error messages

Detect | | Cancel |

Note: If the list does not contain your CPU, ensure that you have selected the correct

network adapter and established a connection between the laptop and CPU.
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— The TIA Portal shows the complete device configuration of the selected CPU. Only the

power module is lacking. This can be placed on slot 0 of the mounting rail later.

T4 Siemens - D:\00_TIA_Portal\012_100_CPU1500\012_100_CPU1500

Project Edit View Insert Online  Options

Window  Help

* | Details view
4 Portal view =1 overview | cpu_1s00

Cf (Y saveproject 3 M =2 2 X 92 d: 30 B R coonline ¥ coofiine g A B ¥ ] TAL
012_100_CPU1500 * CPU_1500 [CPU 1516F-3 PN/DP] [
Devices Options [SE]
HQO 0 E
&7 n v | catalog H
- [ 012_100_CPU1500 & & Seorch> | iy | it ®
E° Add new device R - - i
i Devices & networks M Filter S
= » [ PM =
m CPU_1500 [CPU 1516F-3 PN/DP] .
Y Device configuration B »LmPs |
- - » [@CPU Il
%/ online & diagnostics =2 )
» [ Program blocks 0 6 7 »mpl o
» [ Technology objects i »[moe =
gy objec Rail_0 - 5
» @ External source files » lmDIDQ e
v [@nce vma H
22 I w
» [ PLC data types 3 r{. AQ
» |55 Watch and force tables b r-i. AllAQ =
» I}. Online backups 3 r{. Communicati... 'i’.
» [ Traces 3 r-i. Technolegy me... )
—“’1 Program info » [mi Interface modul... | &
» [i§} Device proxy data <[ w | s Il
= el ‘g Properties H"_\.‘. Info || | Diagnostics ‘ LJ’_J
= eHiE G I ot | syst tants | Texts | g
» [ Local modules J enera ags s E: constan exi - g
=) » General A - @
» :’ Common dat_a : e B PROFINET interface [X1] = i
» [5]) Documentation settings < [FE=EsE = | |
r: [@ Languages & resources F-activation General
» [jg Online access F-parameters i
+ [ Card ReaderiUsB memory Ag PROFINET interface [X1
General b Name: |PROFINETinterface_1
F-parameters Author: |Michsel Daallas
2 < [T} >
Ethemet addresses L l—‘ = l—‘
e ————— 3 T > _Information

~ 'DF interface’ will be created!

Note: You can now configure the CPU there according to your specifications. Possible

settings include the PROFINET and PROFIBUS DP interfaces, startup characteristics, cycle,

password protection, communication load and many others.
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6.3 Configure the Ethernet interface of the CPU 1516F-3 PN/DP
— Select the CPU with a double-click

— Under — "Properties", open the — "PROFINET-interface [X1]" menu and select the —

"Ethernet addresses" entry there.

[ properties |74 info | 2| Diagnostics |
|| General | I0tags | System constants | Texts
» General Z_ ~
+ Fail-safe Ethernet addresses 3
~ PROFINET interface [X1] Interface networked with
General
F-parameters Subnet: | Not networked [+]
Ehemet SEdi= _ Add new subnet
Time synchronization
Operating mode
IP protocol
» Advanced options P
WEbSENEHEE_E_SS (®) set IPaddress in the project
Hardware identifier
» PROFINET interface [X2] ) IPaddress: | 192 ,168.0 .1
» DPinterface [X3] B | | Subnetmask: | 255. 255. 255. 0
Startup L [ Use router
Cycle d Fp———
Communicatien load cesemEs 8
Systern and clock memory () IPaddress is set directly at the device
~ System diagnostics
General PROFINET
Alarm settings
» Webserver [ PROFINET device name is set directly at the device
+ Display [¥ Generate PROFINET device name automatically
U.SET interface languages (= PROFINET device name |cpu_1500.profinet interface_1 |
Time of day
- Protection Converted name: |cpuxb1500.profinetainterfacexb1a598 |
Connection mechanisms Device number: [0 =]
Security event v

— Under "Interface connected with", only the "Not connected" entry is available.

— Add an Ethernet subnet with the — "Add new subnet" button.

Ethernet addresses

Interface networked with

Subnet: | Not networked | i |

| Add newsubnet ]
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— Keep the pre-assigned "IP address" and "Subnet mask".

'€ properties  |%4info | % Diagnostics |

|| General | 101tags | System constants | Texts

General ~ [=]
— | Ethernetaddresses H

-

-

Fail-safe

PROFINET interface [X1] Interface networked with
General
F-parameters Subnet: | PNIE_1 [~]
Ethernet addresses
Tirme synchronization
Operating mode

» Advanced options

Webservgracce.ss (@) set IPaddress in the project
Hardware identifier

PROFINET interface [X2] IPaddress: | 192.168.0 .1
DPinterface [X3] Subnet mask: | 255. 255. 255. 0

Startup [ Use router

Cycle
y Router address:

Communication load - _ -
System and clock memory () IP address is set directly at the device

Systemn diagnostics
General PROFINET
Alarm settings

Web server [T PROFINET device name is set directly at the device

Display [¥) Generate PROFINET device name automatically

User interface languages L

Time of day

~ Protection

Connection mechanisms Device number: [0 I+]

Security event

[}

IP protocol

-

-
1]
Twar T =ar

[}

- -

PROFINET device name |cpu_1500.proﬁnet interface_1 |

Converted name: | cpuxb1500.profinenainteracexb1a59s |

6.4 Configure the access level for the CPU 1516F-3 PN/DP

— Switch to the — "Protection" menu and select access level — "Full access incl. fail-safe (no

: "
protection)".
S properties |7 info | %I Diagnostics |
|| General | I0tags | System constants | Texts
‘Web server access _ . [~]
Hardware identifier HEEETL
» PROFINET interface [X2] Access level
» DPinterface [X3]
Startup Select the access level for the PLC.
Cycle

Communication load
System and clock memory
~ System diagnostics
General
Alarm settings
» Web server

Access level Access Access per...
HMI Read Wirite: Fail-safe | Password
@ Full access incl. fail-safe {(no protection) L4 v v v |_'|
O Full access (no protection) v v v
(0) Read access v v
() HMI access v

» Displa .
L . y () No access (complete protection)
User interface languages
Time of day
- Full access incl. fail-safe (no protection):
Connection mechanisms TIA Portal users and HMI applications will have access to all standard and fail-safe functions.
Security event No password is required. E

Note: The setting "Full access incl. fail-safe (no protection)” is recommended because a

safety program is not created here and thus we also do not have to assign a password.
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6.5 Insert power module PM 190W 120/230VAC

— Find the correct module in the hardware catalog and insert the power module into slot 0. (—
Hardware Catalog —» PM — PM 190W 120/230VAC (order number 6EP1333-4BA00) — Slot
0)

| Topology view [ Network view |[If Device view || Options

R — S PO

jm

h ‘ Catalog

=

[2]

5 |<Search> ‘
[ Filter

~ [ Pm
» [l PM 70W 120/230VAC
I - [ PM 100W 120/230VAC
7 I [6EP1333-4BA00
» (W Ps
» [m CPU
» [ DI
» (W DQ
» [ DIDQ
» [ Al
» [ AQ
» [ AlAQ
» [l Communications modules
» [ Technology modules
» (@ Interface modules

fiojeles atempiey £

s]003 BUIUQ EH

sapelqi] & H S‘ISEJ.@—H

+ | Information

Device:

IT“W

&

< ] 100% | ———

‘ﬂ Properties H"_i-‘.lnfn || 2| Diagnostics | PM 190W 120/230VAC v

Note: If a module as well as the power module is planned for one slot, it is not possible to

place it at another position even in the device configuration.

— Compare your device configuration with the following figure.

012_100_CPU1500 *» CPU_1500 [CPU 1516F-3 PN/DP]

[& Topology view i Network view [IIf Device view |
d¢ [crPu_1500 : =
<> e
v v v
6 7
<] m 100% - —y—— d
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6.6 Configure the address areas of the digital input and output modules

— The next step is to check the address areas of the inputs and output cards and adapt them if

necessary. DI/DO should have an address area of 0...3 and AlI/AO should have an address

area of 64...79 and 64...71, respectively. (— Device overview — DI 32x24VDC HF_1 — |
address: 0..3 — DQ 32x24VDC/0.5A HF_1 — Q address: 0...3 — Al 8xU/I/RTD/TC ST_1 —
| address: 64...79 — AQ 4xU/I ST_1 — Q address: 64...71)

012_100_CPU1500 » CPU_1500 [CPU 1516F-3 PN/DP]

|5"’ Topology view ||5&h Network view ||f|'|’ Device view |_
Device overview
¥ . Module Rack Slot | address | Q address
PM 190W 120/230VAC 0 0 ~
> CPU_1500 0 1
CpuFExecUnit_1 0 17
» PROFINET interface_1 0 11 =
» PROFINET interface_2 0 1X2
DPinterface_1 0 1%3
: DI 32x24VDC HF_1 0 2 0.3
- DQ 32x24VDCI0.5A HF_1 0 3 0.3
¥ Al 8xUNIRTDITC 5T_1 0 4 64..79
I AQ4xUNST_1 0 5 64..71
0 4]
0 7
0 g
0 9
0 10
0 "
0 12
[ <|m [100% [+] —y— & [<] I B

Note: To show and hide the Device overview, you must click the small arrow next to "Device

data" on the right side of the hardware configuration.

| v | | =
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6.7 Save and compile the hardware configuration

— Before you compile the configuration, you should save your project by clicking the —

kd save project button. To compile your CPU with the device configuration, first select the —

"CPU_1500 [CPU1516F-3 PN/DP]" folder and click the — g "Compile" icon.

T4 Siemens - D:\00_TIA_Portal\012_100_CPU15001012_100_CPU1500

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

Gf (N seveproject 3 X 55 (2 X D i TN G A & Goonline ¥ Go offline &2 meE e PORTAL

e L
ompile
Devices ° |5'F Topology view ||ﬁﬂ-h Network view |mT Device view \ Options [EE]
LX) g [cPiisce 0] ) B (Gl @ = ElH
. T S SN [~ | catalog 5
= [ 012 100_cruisoo [~ S RS 1‘;; \@ & E i
B’ Add new device & o) AF \S\\ +\>\ - g8
i Devices & networks NG AV & 0’& o] Filter %
~'m CPU_1500 [CPU 1516F 3 PNIDF] | ¢ > e ¥ - r‘_lll_F_‘M a
Y pevice configuration - 3 r-l-. PM 70W 120/230... L4
| Online & diagnostics L » (@ PM 190W 120123... 2
4 ’;:A Program blocks 3 6 7 ] ﬁ'] PS g
» [ Technology objects Rail 0 » (@ crU 5
» External source files - B » rj] DI i
» [@ PLC tags ‘| r@poQ H
» [l PLC data types N » [ DIDQ @
v [52 watch and force tables B - r@a =
» [ Online backups » [ AQ _3
v [ Traces » [ AAQ . 3
¥ Program info » [ Communications mo...  |&
» [ifl Device proxy data » [ Technology modules |
4 PLC alarms + [ Interface modules LI
5] Textlists =
» [ Local modules <] Al (2] 3
» [5§ common data ~ | Information T
» 5] Documentation settings Device: et BN
. r: r“_mlljanguages & resources = G foow 7]~ &

> | Details view 4 properties  |*4Info @] % Diagnostics |
4 Portal view =] overview IﬁEh CPU_1500 ~ The project 012_100_CFU1500

Note: "Save project" should be used repeatedly when working on a project since this does

not happen automatically. A prompt to save the project only occurs when the TIA Portal is

closed.

— If the project was compiled without errors, you see the following screen.

|4 properties [} info | % Diagnostics
| general | crossreferences | Compile |
@mlshuwallmessa =3 "l
Compiling completed (errors: 0; wamings: 1)
1 Path Description Goto |7 Errors  Wamings | Time
1~ CPU_1500 o 0 1 7:47:31PM
! ~ Hardware configuration A 0 1 7:47:31PM
! ¥ S71500/ET200MP statio A 0 1 74733 PM
1 ~ Rail_0 A 0 1 7:47:33 PM
1 v CPU_1500 A 0 1 7:47:33 PM
1 v CPU_1500 A 0 1 7:47:33 PM
1 CPU_1500 CPU_ 1500 does not contain a configured protection level A 74733 PM
&  ~ Program blocks T 0 0 74734PM
Q Main (0B1) Block was successfully compiled. P 7:AT34FPM
y Compiling completed (errors: 0; warnings: 1) 74734 PM
<] i B
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6.8 Download the hardware configuration to the device

— To download your entire CPU, select the — "CPU_1500 [CPU1516F-3 PN/DP]" folder and

click the m — "Download to device" icon.

T Siemens - D:\00_TIA_Portal\012_100_CPU1500\012_100_CPU1500

i (3 H saveproject 3 M F5 T3 X Dz @z T) MG E R} F coonline ¥ Gooffline uﬂp[ﬂm 2 ]

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
PORTAL

Project tree o 4 Download to device

GO TR T a— | A O

¥ _1012_100_CPU1500 z Ry S
B Add new device ,\6—9 Qb‘ ,,L’Q \)\\\ 3
Eﬂ-n Devices & networks “;L kl i+

_~ mCPU_1500 [CPU 1516F-3 PN/DP] ¢ <

|]T Device configuration — ==

ﬂ Online & diagnestics

rﬂ Program blocks

(3 Technology objects

External source files

r\'_d PLC tags

[ PLC data types

:al ‘Watch and force tables

E Online backups

’:." Traces

5§ Program info

[ii Device proxy data

4 PLC alarms

E] Text lists

3 rj. Local modules

ﬁ Common data

[£]) Documentation settings

[~ - =

s
.@I!.anguages & resources w 1 foos 7] —9—

e

Devices \E Topology view ||ﬁEh Network view H—[IT Device view L

3l

bojees aiempiey [£

5|00} auljuQ E”

sxsel@n”

saueIqr] E”

N

Details view 'd properties  |*4Info @ |/t Diagnostics
4 Portal view 7 Overview Iﬁg'h CPU_1500 + The project 012_100_C

— The manager for configuring the connection properties (extended download) opens.

Extended download to device 3¢

Configured access nodes of "CPU_1500"

Device Device type Slot Type Address Subnet
CPU_1500 CPU1516F-3 PN 1X1 PNIIE 192.168.0.1 PN/IE_1
CPU1516F-3 PN, 1X2 PNIIE 192.168.1.1
CPU1516F-3 PNI. 133 PROFIBUS 2

Type of the PGIPC interface:

PGIPC interface: | ‘vl@

Connection to interfacelsubnet: | [~] ®©
1stgateway: | [~] ©
Compatible devices in target subnet: Show all compatible devices
Device Device type Type Address Target device

Flash LED

Startsearch

Online status information:

[] Display only error messages

Load || cancel
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— First, the interface must be correctly selected. This happens in three steps.
— Type of the PG/PC interface — PN/IE

Extended download to device

[X
Configured access nodes of "CPU_1500"
Device Device type Slot Type Address Subnet
CPU_1500 CPU1516F-3 PNL. 1 X1 PNIIE 192.168.01 PNIIE_1
CPU1516F-3 PNL. 1X2 PNIIE 192.168.1.1
CPU1516F-3 PNL. 1X3 PROFIBUS 2
Type of the PGIPC interface:  |Flease select... -
PGIFC interface:  LHSERCA @
Connection to interfacelsubnet. B PriE G)
onnection tointerfacelsubnet: g~ oo
1st gateway: #_ Automatic protacol detection @
#_Teleservice
— PG/PC interface — here: Intel(R) Ethernet Connection 1217-LM
Extended download to device %
Configured access nodes of "CPU_1500"
Device Device type slot Type Address Subnet
CPU_1500 CPU 1516F-3 PNL. 1X1 PNIIE 192.168.0.1 PNIIE_1
CPU1516F-3 PNL. 1X2 PNIE 192.168.1.1
CPU1516F-3 PNIL. 1X3 PROFIBUS 2
Type of the PGIPC interface: |i_PN|'IE |'|
PGIPC interface:  Please select... ~| ©
Connection to interfacelsubnet: < ©
Rl Dell Wireless 1550 802.11ac @
@ vhiware Virusl Ethernet Adapter for Viinet1
Compatible devices in target subnet: @ vhiware virtual Ethernet Adapter for Viinets
- - & FLCSIM
B Silliis TYPE |l PLCSIM 57-120057-1500
=
— Connection to interface/subnet — "PN/IE_1"
Extended download to device X
Configured access nodes of "CPU_1500"
Device Device type slot Type Address Subnet
CPU_1500 CPU1516F-3 PNL. 1X1 PNIIE 192.168.0.1 PNIE_1
CPU1516F-3 PNL., 12 PNIIE 192.168.1.1
CPU1516F-3 PNL. 13 PROFIBUS 2
Type of the PGIPC interface: |—LPN IE | i |
PGIPC interface: ﬁ Intel (R} Ethernet Connection 1217-LM [+] «©
Connection to interfacelsubnet: | Please select... [-] ©
SIS Directatslot'1 X1' ©
Directat slot'1 X2’
PNIE_1
Compatible devices in target subnet: Try all interfaces
For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 47

SCE_EN_012-100 Unspecific Hardware Configuration S7-1500_R1512.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-100, Edition 02/2016 | Digital Factory, DF FA

— The — "Show all compatible devices" check box must be selected. The search for devices in

the network is started by clicking the — _ Startsearch | 1 ston

Extended download to device

Configured access nodes of "CPU_1500"

Device Device type slot Type Address Subnet
CPU_1500 CPU1516F-3 PNL. 1X1 PNIIE 192.168.0.1 PNIIE_1
CPU1516F-3 PNIL. 122 PNIIE 192.168.1.1
CPU1516F-3 PN 123 PROFIBUS 2
Type of the PGIPC interface: [ PIIE [+]
PGIPC interface: ﬁ Intel(R) Ethernet Connection 1217-LI [~] ©
Connection to interfacelsubnet: PNIIE_1 ﬂ ©
1stgateway: | [~]®
Compatible devices in target subnet: [ Show all compatible devices
Device Device type Type Address Target device
- - PNIIE Access address -
Flash LED
Start search

Online status information: p Startsearch

[ Display enly error messages
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— If your CPU is shown in the "Compatible devices in target subnet" list, it must be selected.
The download can then be started. (— CPU 1516F-3 PN/DP — "Load")

Extended download to device [X
Configured access nodes of "CPU_1500"
Device Device type Slot Type Address Subnet
CPU_1500 CPU1516F-3 PNI... 1X1 PNIIE 192.168.0.1 PNINIE_1
CPU1516F-3 PNI... 12 PNIIE 192.168.11
CPU1516F-3 PNL. 123 PROFIBUS 2
Type of the PGIPC interface: ﬁ_F‘Nl’IE [~
PGIPC interface: ﬁ Intel(R) Ethernet Connection 1217-LI [~] ©
Connection to interfacelsubnet: | PN/IE_1 [+] ©
Istgateway: | [~] ©
Compatible devices in target subnet: [ Show all compatible devices
Device Device type Type Address Target device
= CPUcommon CPU1516F-3 PNL. PNIE 192.168.0.1 CPUcommon
. --- --- PNIIE Access address ---
[| Flash LED
Startsearch
Online status information:
=72 Retrieving device information...
Scan and information retrieval completed. —

[T Display only error messages

[ Load ] | Cancel

— You first obtain a preview. Confirm the prompt — "Overwrite all" and continue with — "Load".

Load preview %
e Check before loading
Status || Target Message Action
4 @ ~ cru_1soo Ready for loading.
[} - Software Download software to device Consistent download
] » Download to d... Objects that do not exist online.
Q » Overwrite onli.. Objects that exist online and are overaritten.
[} Text libraries Download all alarm texts and text list texts Consistent download
[«] n [2]
| Finish ‘ | Load | ‘ Cancel |

Note: The @ symbol should be visible in every line of the "Load preview". You can find
additional information in the "Message" column.
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— The — "Start all" option will be selected next before the download operation can be

completed with — "Finish".

Load results %

9 Status and actions after downloading to device

Status 1 Target Message Action
*& & - cru_is00 Downloading to device completed without error.
] ~ Start modules start modules after downloading to device. M startall
L] The module "CPU_1500" can be started. M start
[«] M 2]
Finish | | Load ‘ | Cancel |

— After a successful download, the project view will open again automatically. A loading report

appears in the information field under "General". This can be helpful when troubleshooting

an unsuccessful download.

T4 Siemens - D:\00_TIA_Portal\012_100_CPU1500012_100_CPU1500

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

5 (M saveproject & X =2 2 X =2 5[0 IG & & Goonline ¥ Go offline u"n? mE e PORTAL
Project tree m 4
Devices ‘E'F Topology view Hbﬂh Network view “T]T Device view | Options [2[3]
. ; 0 ==
BN d+ [cPu_1s00 EIEEPEICE =] =]
=
R N v | catalog H
7 Dota-oo-ceutsoo s S B [Era—l
&’ Add new device « Ay \)“\\ R - g
~ At A Y P & Filter g
o Devices & networks q\) 4 &) \‘b o ~ =
= mCPU_1500 [CPU1516F3 PNIDP] o < \d Tam &
Y Device configuration — | 4 I_-El PM 70W 120/230VAC |
% Online & diagnostics i r: W PM190WT201230VAC [y
» g Program blocks 6 7 | 4 r-l-. b= =
» [ Technology objects Rail 0 N 4 r_l=. Gl g
» External source files " 3 r_l=. DI e
» L3 PLC tags : r{. = 5
» (@ PLC data types » _m DIDQ
= » [ Al ||
» |zl Watch and force tables = =
» [ Online backups »HAQ [~
» (i3 AllA '
v [Z Traces r{. Q B
% Program info » _il Communications medules 3
v [, Device proxy data » [ Technology modules A |
3 PLC alarms <[] 100% | —y— 4| » [ Interface modules ]
= - =
] Textlists |<iproperties |%iInfo |2 Diagnostics | 3
» [l Local modules = - S
v [5# Common data J General || Cross-references || Compile ‘ v | Information 2
» [5] Documentation settings @‘E‘\ Show all messages = Device: |:7
v (@ Languages & resources E
» [ Online access 1 |Message Goto
=
» T Card ReaderlUSB memory ] "Main’ was loaded successfully. Iz‘
o Scanning for devices completed for interface Intel(R) Ethernet Connection 1217-LM. Found *
Q Loading completed (errors: 0; wamings: 0). E
i

> | Details view <]
4 Portal view £ Overview Igﬂb CPU_1500
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6.9 Archive the project

— To archive the project, select the — "Archive ..." item in the — "Project" menu.

T4 Siemens - D:\00_TIA_Portal\012_100_CPU1500:012_100_CPU1500

Project |Edit View Insert Online  Options Tools : : : Totally Integrated Automation
[ New.. +(e: &) MG [3 & Goonline ¥ cooffiine o [ IR 3¢ — [|] PORTAL
H [ Open... Ctrl+0 - — -
Migrate project..
Close Ctrl+W |§ Topology view ||gﬁh Network view ||ﬁ1‘ Device view || Options [5E]
Bsave cois |gb | d¢ [cruisoo  [-] @ B (e)E] @ = =]
SBVEe @S Ctrl+shift+5 . . . . . E - ‘ Catalog ‘E‘-
L N E]
Delete project.. Ctr+E | [ & é\ A 3 2
s S Ee <]
Retrieve.. \3'> 1;\/+ C:;L &F o.b?' [ Filter Ej
T Card Reader/UsE memory » S ¢ 9 ® ¥ = 5rlz""‘w.ﬂ 70W 120/230VAC N
w d fil » v m
emony earee = ¥ » [ PM 190W 120/230VAC j
Upgrade =
6 7 »LmPS (=]
& Print... Ctrl+P L, » [mcru i
& Print preview... 1 » [ DI a
[=» Export module labeling strips... W 4 ? oQ E
DA00_TIA_Portall01..1012_100_CPU1500 : ; ;”DQ i
Exit v [WAQ B
3 E Traces ; » (maiag g
g Program info » [l Communications modules =
v i Device proxy data » [ Technology modules
= [Ty » [ Interface modules
E4 pLC alarms -m
[ Textlists
v [l Local modules m IE ,mn%—m —¢— W A
> | Details view 5 properties %4 Info ” | Diagnostics | > | Information b
4 Portal view =2 Overview Igﬂ-h CPU_1500
— Confirm the prompt to save the project with — "Yes".
Archive project (0104:000006) X
| Save project?
n
The last saved project will be archived. Do you want to save the project
before archiving to back up the current changes?
Cves 1 no |
— Select a folder where you want to archive your project and save it as file type "TIA Portal
project archive". (— "TIA Portal project archive" — "SCE_EN_012-100_Hardware
configuration_S7-1500..." — "Save")
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6.10 Checklist

52

No. | Description Completed
1 Project was created

2 Slot 0: Power module with correct order number

3 Slot 1: CPU with correct order number

4 Slot 1: CPU with correct firmware version

5 Slot 2: Digital input module with correct order number

6 Slot 2: Digital input module with correct firmware version

7 Address area of the digital input module is correct

8 Slot 3: Digital output module with correct order number

9 Slot 3: Digital output module with correct firmware version

10 | Slot 3: Address area of the digital output module is correct

11 Slot 4: Analog input module with correct order number

12 | Slot 4: Analog input module with correct firmware version

13 | Slot 4: Address area of the analog input module is correct

14 | Slot 5: Analog output module with correct order number

15 | Slot 5: Analog output module with correct firmware version

16 | Slot 5: Address area of the analog output module is correct

17 Hardware configuration was compiled without error message

18 Hardware configuration was downloaded without error message
19 | Project was successfully archived
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7 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial
software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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Notes

54 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
SCE_EN_012-100 Unspecific Hardware Configuration S7-1500_R1512.docx



© Siemens AG 2016

Automation System
SIMATIC S7-1500
SCE Training Curriculum

TIA Portal Module 0XX-600
Edition 04/2016

© Siemens AG 2016

TIA Portal Module 000-000
Concept- and Module Description

TIA Portal Module 012-100
Unspecified Hardware Configuration
S7-1500

TIA Portal Module 012-101
Specified Hardware Configuration
CPU 1516F-3 PN/DP

TIA Portal Module 012-105
Specified Hardware Configuration
CPU 1512C-1 PN

TIA Portal Module 020-100
Process description of sorting station

TIA Portal Module 032-100
Basics of FC Programming

TIA Portal Module 032-200
Basics of FB Programming

TIA Portal Module 032-300
[EC Timers and IEC Counters

TIA Portal Module 032-410
Basics of Diagnostics

TIA Portal Module 032-420
Diagnostics via the Web

TIA Portal Module 032-500
Analog Values

TIA Portal Module 032-600
Global Data Blocks

TIA Portal Module 052-300
PID Controller




© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-101, Edition 02/2016 | Digital Factory, DF FA

Matching SCE trainer packages for these training curriculums

+ SIMATIC S7 CPU 1516F-3 PN/DP
Order no.: 6ES7516-3FN00-4AB1

* SIMATIC STEP 7 Professional V13 - Single license
Order no.: 6ES7822-1AA03-4YA5

* SIMATIC STEP 7 Professional V13 - Classroom license (up to 12 users)
Order no.: 6ES7822-1BA03-4YA5

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1AA03-4YE5S

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1BA03-4YE5S

* SIMATIC STEP 7 Professional V13 - Student license (up to 20 users)
Order no.: 6ES7822-1AC03-4YA5

Note that these trainer packages are replaced with successor packages when necessary.
An overview of the currently available SCE packages is provided at: siemens.com/sce/tp

Continued training
For regional Siemens SCE continued training, get in touch with your regional SCE contact
siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce

Information regarding use

The SCE training curriculum for the integrated automation solution Totally Integrated Automation (TIA)
was prepared for the program "Siemens Automation Cooperates with Education (SCE)" specifically for
training purposes for public educational and R&D institutions. Siemens AG does not guarantee the
contents.

This document is to be used only for initial training on Siemens products/systems. This means it can
be copied in whole or part and given to those being trained for use within the scope of their training.
Circulation or copying this training curriculum and sharing its content is permitted within public training
and advanced training facilities for training purposes.

Exceptions require written consent from the Siemens AG contact: Roland Scheuerer
roland.scheuerer@siemens.com.

Offenders will be held liable. All rights including translation are reserved, particularly if a patent is
granted or a utility model or design is registered.

Use for industrial customer courses is expressly prohibited. We do not consent to commercial use of
the training curriculums.

We wish to thank the TU Dresden, particularly Prof. Dr.-Ing. Leon Urbas and Dipl.-Ing. Annett Pfeffer,
the Michael Dziallas Engineering Corporation and all other involved persons for their support during
the preparation of this training curriculum.
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SPECIFIED HARDWARE CONFIGURATION —
SIMATIC S7-1516F PN/DP

1 Goal

In this chapter, you will first learn how to create a project. You are then shown how the hardware

is configured.

2 Prerequisite

You do not need any previous knowledge from other chapters to successfully complete this chapter.

3 Theory

3.1 SIMATIC S7-1500 automation system

The SIMATIC S7-1500 automation system is a modular controller system for the middle to upper
performance range. A comprehensive range of modules is available to optimally adapt the system to

the automation task.

SIMATIC S7-1500 is the next generation of the SIMATIC S7-300 and S7-400 automation systems with

the following new performance features.

— Increased system performance

— Integrated motion control functionality

— PROFINET IO IRT

— Integrated display for machine-level operation and diagnostics

— STEP 7 language innovations while maintaining proven functions

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 5
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The S7-1500 controller consists of a power supply (1), a CPU with integrated display (2) and input
and output modules for digital and analog signals (3). The modules are mounted on a mounting rail
with integrated DIN rail profile (4). If necessary, communication processors and function modules are
also used for special tasks such as stepper motor control.

The programmable logic controller (PLC) uses the S7 program to monitor and control a machine or
process. In doing so, the S7 program scans the I/O modules via input addresses (%I) and addresses
their output addresses (%Q).

The system is programmed with the STEP 7 Professional V13 software.

6 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.1.1 Range of modules
The SIMATIC S7-1500 is a modular automation system and offers the following range of modules:

Central processing units (CPUs) with integrated display

The CPUs have different performance capability and execute the user program. In addition, the other
modules are supplied power via the backplane bus with the integrated system power supply.

Additional properties and functions of the CPU:
» Communication via Ethernet
+ Communication via PROFIBUS/PROFINET
* HMI communication for HMI devices
» Web server
* Integrated technology functions (e.g. PID controller, motion control, etc.)
» System diagnostics

* Integrated security (e.g. know-how, copy, access, integrity protection)

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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System power supply modules (PS) (rated input voltages 24 V DC to 230 V AC/DC)

with connection to the backplane bus supply the configured modules with the internal supply voltage.

oo

==

Load current supply modules (PM) (rated input voltages 120/230 V AC)

do not have a connection to the backplane bus of the S7-1500 automation system. The load current
supply is used to supply 24 V DC to the system power supply of the CPU, the input and output
circuits of 1/0 modules and the sensors and actuators.

8 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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1/0 modules

for digital input (DI) / digital output (DQ) / analog input (Al) / analog output (AQ)

1
1
1
"
]
o
1

Technology modules (TM)

..«-_-i_\

\_r-——'-'—:-—‘l-‘_r*‘-_r'u'-—'—_r'-_r'—l—_f

oS

1

as incremental encoders and pulse encoders with/without direction signal.

=]
Communication modules (CM)
for serial communication RS232 / RS422 / RS485, PROFIBUS and PROFINET.

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 9
SCE_EN_012-101 Hardware Configuration S7-1516F_R1512.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-101, Edition 02/2016 | Digital Factory, DF FA

SIMATIC memory card

up to a maximum of 2 GB for storing program data and for easy replacement of CPUs during
maintenance.

SIEMENS

gﬁcmmmg
v 06ea123c04
24MB 5CB8 EO1

3.1.2 Example configuration

The following configuration of an S7-1500 automation system will be used for the program example

in this curriculum.

SIEMENS

(D Load current supply module (PM) with 120/230 V AC, 50 Hz / 60 Hz, 190 W input and 24 VV DC /
8 A output

@) Central processing unit CPU 1516F-3 PN/DP with integrated PROFIBUS and PROFINET
interfaces

(3 110 module 32x digital input DI 32x24VDC HF
@ 1/0 module 32x digital output DQ 32x24VDC/0.5A HF
®) 1/0 module 8x analog input Al 8xU/I/RTD/TC ST

®) 1/0 module 4x analog output AQ 4xU/I ST

10 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.2 Operator control and display elements of the CPU 1516F-3 PN/DP

The figure below shows the operator control and display elements of a CPU 1516F-3 PN/DP.

The arrangement and number of elements differ from this figure for other CPUs.

3.2.1 Front view of the CPU 1516F-3 PN/DP with integrated display

(1) LED displays for the current operating mode and diagnostic status of the CPU

(@ Display
(3 Control keys

3.2.2 Status and error displays

The CPU comes with the following LED displays:

RUN/STOP LED (yellow/green LED)

ERROR LED (red LED)

MAINT LED (yellow LED)

LINK RX/TX LED for port X1 P1 (yellow/green LED)
LINK RX/TX LED for port X1 P2 (yellow/green LED)
LINK RX/TX LED for port X2 P1 (yellow/green LED)

P@eOeEEO
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3.2.3 Operator control/connection elements of the CPU 1516F-3 PN/DP behind
the front flap

LED displays for the current operating mode and diagnostic status of the CPU
Display connection

Slot for the SIMATIC memory card

Mode switch

LED displays for the 3 ports of the PROFINET interfaces X1 and X2
MAC addresses of the interfaces

PROFIBUS interface (X3)

PROFINET interface (X2) with 1 port

PROFINET interface (X1) with 2-port switch

Connection for supply voltage

Fastening screws

SICNCIOISNOICROIOICAS

Note: The front flap with the display can be removed and inserted during operation.

12 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.2.4 SIMATIC memory card

A SIMATIC Micro Memory Card is used as the memory module for the CPUs. This is a preformatted
memory card that is compatible with the Windows file system. It is available with various storage

capacities and can be used for the following purposes:

— Transportable data storage medium

— Program card

— Firmware update card
The MMC must be inserted to operate the CPU as the CPUs have no integrated load memory. A
commercially available SD card reader is needed to write/read the SIMATIC memory card with the
programming device or PC. This allows files to be copied directly to the SIMATIC memory card using

Windows Explorer, for example.

Note: It is recommended that the SIMATIC memory card only be removed or inserted when
the CPU is in the POWER OFF state.

3.2.5 Mode switch

The mode switch allows you to set the operating mode of the CPU. The mode switch is designed as
a toggle switch with 3 switch positions.

Position Meaning Explanation

RUN RUN mode The CPU processes the user program.
STOP STOP mode The CPU is not executing the user program.
MRES Memory reset Position for CPU memory reset.

You can also use the button on the CPU operator panel of the STEP 7 Professional V13 software in
Online & Diagnostics to switch the operating mode (STOP or RUN).

The operator panel also contains an MRES button for performing a memory reset and displays the
status LEDs of the CPU.

b | CPU operator panel

Press Cantrol [CPU 1516-3 PMNIDF]
[ runisTOP RUN

ERROR 5TOF

RAAINT MRES

Mode selectar:  RUN
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3.2.6 Display of the CPU

14

The S7-1500 CPU has a front flap with a display and control keys. Control data and status data can
be displayed in various menus on the display and numerous settings can be configured. You use the
control keys to navigate through the menus.

The display of the CPU offers the following functions:
e 6 different display languages can be selected.

e Diagnostic messages are displayed in plain text.

e The interface settings can be changed locally.

e Password assignment for display operation is possible through the TIA Portal.

View of the display of an S7-1500:

Q0O

CPU 1516-3 PN/DP

GEST 516-3ANDO-OAE0
oK )
(IO CPU status information
@ Submenu name
@ Information display field
@ Naviaation aid. e.a. OK/ESC or the baae number

Control keys of the display

e Four arrow keys: "up", "down", "left", "right"

e An ESC key
e An OK key
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Functions of the "OK" and "ESC" keys

— For menu commands in which an input can be made:

— OK — valid access to the menu command, confirmation of input and exit from editing
mode

— ESC — restoration of original content (which means changes are not saved) and exit from
editing mode

— For menu commands in which no input can be made:

— OK — to next submenu command

— ESC — back to previous menu command

Available submenus of the display:

Main menu Meaning Explanation
commands
. Overview The "Overview" menu contains information about the
1 properties of the CPU.
% Diagnostics The "Diagnostics" menu contains information about
diagnostic messages, the diagnostic description and the

indication of interrupts. There is also information about the
network properties of each interface of the CPU.

Settings In the "Settings" menu, the IP addresses of the CPU are
\ assigned, the date, time, time zones, operating modes
(RUN/STOP) and protection levels are set, the CPU
memory is reset and its factory settings are restored and the
status of firmware updates is displayed.

Modules The "Modules" menu contains information about the

i modules that are used in your configuration. The modules
can be used as central or distributed modules.

Distributed modules are connected to the CPU via
PROFINET and/or PROFIBUS.

You have the option here to set the IP addresses for a CPU.
Display In the "Display" menu, settings are made for all aspects of
n the display, such as the language setting, brightness setting
and Energy-saving mode. (Energy-saving darkens the
display. Standby mode switches off the display.)

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 15
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3.3 Memory areas of the CPU 1516F-3 PN/DP and the SIMATIC memory

card

The following figure shows the memory areas of the CPU and the load memory on the SIMATIC
memory card.

In addition to the load memory, other data can be loaded onto the SIMATIC memory card using
Windows Explorer. This includes recipes, data logs, project backups and additional documentation
for the program.

Code work memory
- Code blocks (FC, FB, OB)
I
Data work memory
#+ Global data blocks

** Instance data blocks
** Technology objects
I

Load memory

(on SIMATIC memory card)
» Code blocks (FC, FB, OB)

» Data blocks (DB)
» Hardware configuration
» Technology objects

=
I |
I |
I |
| |
| |
I |
I |
I |
|
| [|_Retentive memory :
| Parts of: |
| |
I |
I |
| |
I |
I |
I |
I |
| |
L

i+« Global data blocks
*+ Instance data blocks

*+ Technology objects

Bit memory, timers, counters

4—»_..

I
Additional memory areas

%+ Bit memories, timers and counters
Temporary local data
Process images (I/0)

Load memory

Load memory is non-volatile memory for code blocks, data blocks, technology objects and the
hardware configuration. When these objects are downloaded to the CPU, they are first stored in the
load memory. This memory is located on the SIMATIC memory card.

Work memory

Work memory is volatile memory that contains the code and data blocks. The work memory is
integrated into the CPU and cannot be expanded. In S7-1500 CPUs, the work memory is divided into
two areas:

— Code work memory:

— The code work memory contains runtime-relevant parts of the program code.

— Data work memory:

— The data work memory contains the runtime-relevant parts of the data blocks and
technology objects.
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At the operating mode transitions from POWER ON to startup and from STOP to startup, tags of
global data blocks, instance data blocks and technology objects are initialized with their start values.
Retentive tags retain their actual values that were saved in the retentive memory.

Retentive memory

Retentive memory is non-volatile memory for saving certain data in the event of power failure. The
tags and operand areas that have been defined as retentive are saved in the retentive memory. This
data is retained beyond power-off or power failure.

All other program tags are set to their start values at the operating mode transitions from POWER
ON to startup and from STOP to startup.

The content of retentive memory is deleted by the following actions:
e Memory reset
e Reset to factory settings

Note: Certain tags of technology objects are also stored in the retentive memory. These tags

are not deleted by a memory reset.

3.4 STEP 7 Professional V13 (TIA Portal V13) programming software

STEP 7 Professional V13 (TIA Portal V13) software is the programming tool for the following
automation systems:

- SIMATIC S7-1500
- SIMATIC S7-1200
- SIMATIC S7-300
- SIMATIC S7-400
- SIMATIC WinAC

STEP 7 Professional V13 provides the following functions for plant automation:

- Configuration and parameter assignment of the hardware

- Specification of the communication

- Programming

- Testing, commissioning and servicing with operational/diagnostic functions

- Documentation

- Creation of visualizations for SIMATIC Basic Panels using the integrated WinCC Basic software

- Visualization solutions for PCs and other panels can also be created with other WinCC software
packages

Support is provided for all functions through detailed online help.
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3.4.1 Project

To implement a solution for an automation and visualization task, you create a project in the TIA
Portal. A project in the TIA Portal contains the configuration data for the configuration and

internetworking of devices as well as the programs and the configuration of the visualization.

3.4.2 Hardware configuration

The hardware configuration includes the configuration of the devices, consisting of the hardware of the
automation system, the intelligent field devices and the hardware for visualization. The configuration of
the networks specifies the communication between the various hardware components. The individual

hardware components are inserted in the hardware configuration from catalogs.

The hardware of automation systems comprises controllers (CPUs), signal modules for input and
output signals (SMs) and communication processors, and interface modules (CP, IM). Power supply

and voltage supply modules (PS, PM) are also available to supply the modules.

The signal modules and intelligent field devices connect the input and output data of the process to be

automated and visualized to the automation system.

Visualization

— -
|
| |
e

Central structure

Distributed structure

L1l [TTTTT [TTTTT

Actuators/sensors

Figure 1: Example of hardware configuration with central and distributed structures

The hardware configuration enables the downloading of automation and visualization solutions to the

automation system and access to the connected signal modules by the controller.
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3.4.3 Central and distributed automation structure
Figure 1 shows an automation structure that contains both central and distributed structures.

In central structures, the input and output signals of the process are transmitted by way of
conventional wiring to the signal modules, which are connected directly to the controller. Conventional

wiring refers to the connection of sensors and actuators using 2-wire or 4-wire cables.

The distributed structure is the predominant structure used today. Here, the sensors and actuators are
wired conventionally only as far as the signal modules of the field devices. The signal transmission

from the field devices to the controller is implemented using an industrial communication system.

Both classic fieldbuses such as PROFIBUS, Modbus and Foundation Fieldbus as well as Ethernet-
based communication systems such as PROFINET can be used as the industrial communication

system.

In addition, intelligent field devices in which stand-alone programs run can also be connected via the

communication system. These programs can also be created with the TIA Portal.

3.4.4 Planning the hardware

Before you can configure the hardware, you must plan it (hardware planning). In general, you begin by
selecting which controllers are needed and how many. Next you select the communication modules
and signal modules. The selection of signal modules is based on the number and type of inputs and
outputs needed. As the final step, a power supply that ensures that the necessary power is supplied

must be selected for each controller or field device.

The functionality required and the ambient conditions are of vital importance for planning the hardware
configuration. For example, the temperature range in the application area sometimes limits the

devices available for selection. Fail-safe operation might be another requirement, for example.

The TIA Selection Tool (Select automation technology — TIA Selection Tool and follow the

instructions) provides you support. Note: TIA Selection Tool requires Java.

Note for online research: If more than one manual is available, you should look for the
description "Device Manual", "Product Manual" or simply "Manual" (as opposed to "Function

Manual”, "List Manual”, "System Manual", etc.) in order to find the device specifications.
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3.4.5 TIA Portal — Project view and portal view

The TIA Portal has two important views. When started, the portal view appears by default. This view

makes getting started easier, especially for beginning users.

The portal view provides a task-oriented view of the tools for working on the project. Here, you can
quickly decide what you want to do and open the tool for the task at hand. If necessary, a change to

the project view takes place automatically for the selected task.

Figure 2 shows the portal view. At the bottom left, there is an option to switch between this view and

the project view.

T4 Siemens - D:\Automation\012_101_CPU1516F012_101_CPU1516F —ax

Totally Integrated Automation

First steps

. o . Project: "012_101_CPU1516F" was opened successfully. Please select the next step:
Open existing project

Create new project
proj |§\
N o Configure a device
Welcome Tour
\’ Write PLC program
) First steps
Configure |
technology objects
Installed software E j‘, s L
Help
I ) Configure an HMI screen
User interface language

Open the project view

P Project view Opened project: D:\Automation\012_101_CPU1516F\012_101_CPU1516F

Figure 2: Portal view
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The project view, as shown in Figure 3, is used for hardware configuration, programming, creation of

the visualization and many other tasks.

By default, the project view displays the menu bar with the toolbars at the top, the project tree with all
components of a project on the left and the so-called task cards with instructions and libraries, for

example, on the right.

If an element (for example, the device configuration) is selected in the project tree, it is displayed in

the center and can be worked on there.

T4 Siemens - D:\Automation\012_101_CPU1516R012_101_CPU1516F

Project Edit View Insert Onfine Options Tools Window Help Totally Integrated Automation
PORTAL

i (3 sepoject & ¥ 2 X D2 eet 5 0GB B Goonine F costiine | fp ME ¥ 1)
c 012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] - X
| Devices | Options [EE]
d | L : _— . 18 1=
0 Q g [cru_isier o= & | =]
— — -
- 2l ] v | catalog 5
> ] 012_101_CPU1516F |~ ] = WW\W‘ f
IBF Add new device e |
& Devices & networks @IFI‘W a
= (| CPU_1516F [CPU 1516F 3 PNIDR] s e » mom =
Y Device configuration . » I_u PS |
% Online & disgnostics o 2 3 4 5 & 7. e .l la cru [
8 safety Administration = Rail_0 4 » I_g DI o
» [ Program blocks = [ g
» [ Technology objects P Moo 2
» [ External source files L Felf" s
v (g PLC tags » '-'ui:?»\o
» [@ PLC data types = (& | =
» [53 Watch and force tables » [ Communications modules ‘,3
» [ig Online backups » Eg'ruhnnlng, modules A
b [ Traces i » [@ Interface modules =
v
sy : o T T T . B
‘ﬂngmmmfu < ] [>] [100% e ——5— [
v [, Device proxydata L)
A PLC alarms e Properties | *i}info | %l Diagnostics | 3
&) Textlists | General [ I0tags | Systemconstants [ Texts | B
r - e e | E
e ] PROFINET interface [X1] [ i
>[5 Common date ST = Jaityedd = —
LB 1] Documentation senings v BEL
» [ig Languages & resouirces = 4| General
General (i
A G noiine acce: = r
leBlaiIs view Frparameters I
Ethernet addresses H Mame: |FROFINETinterface_1 |
Time synchroniztion I o (PO -
Iame Operating mode & [ [ > | Information

4 Portal view = i gy CPU_1516F v Project012_101_CPU1516F created.

Figure 3: Project view
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3.4.6 Basic settings for the TIA Portal

— Users can specify their own default settings for certain settings in the TIA Portal. A few
important settings are shown here.

— In the project view, select the »"Options" menu and then — "Settings".

TA Siemens

Project Edit View Insert Online | Options ]Tcols Window Help

& —_—— Totally Integrated Automation
O sepoie & X 7 1 BT - o o | fp I8 B x| ]

PORTAL
Project tree Support packages
JW; Manage general station description files (GSD)

Start Automation License Manager

Options

| % Show reference text

L] Glebal libraries

v | Find and replace

» gy Online access
b (B Card ReaderUSE memory

>
sapelq] E‘“ s:;seu@_rl

> | Details view

|g Properties E‘L' Info i) m-

> |Languages & resources

4 Portal view
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— One basic setting is the selection of the user interface language and the language for the

program display. In the curriculums to follow, "English" will be used for both settings.

— Under — "General" in "Settings", select "User interface language — English" and "Mnemonic

— International”.

T Siemens

Project Edit View Insert Online Options Tools Window Help
CF DR savepojecr Z 0 Y 53 Ta X (e 2 5 B B RV coonline ¥ Gooffiine | fo M I® | 2

Totally Integrated Automation
4 POR

bl

-
i General
General
Software updates General settings

Scriptitext editors
Print settings
b Hardware configuration
b PLC programming

User name: \Spe
Userinterface language: \Eng!ish

Mnemanic: | International

STEP 7 Safety

L s;m‘ulamn‘ X Show list of recently used

¥ Online & diagnostics f projects: '8 E elements
PLC alarms

["] Load most recent project during startup
b Visualization

Keyboard shortcuts Tooltips: (W Show truncated tesas completely

[¥l open cascade automaticallyin tooltips

Note: These settings can always be changed.

[¥ show tooltips (contexrsensitive help is available)

— When Safety CPUs are used (e.g. CPU 1516F-3 PN/DP) without the use of safety

engineering, it is recommended that automatic creation of the safety program be deactivated

before creating a project.

TAL

[m]>
= snsq(uii“

sauelqr]

— In "Settings" under the — "STEP 7 Safety" item, deactivate — "Generate default fail-safe

program".

T4 Siemens
Project Edit View |Insert Online Options Tools
Zf I [ saveproject &

Window Help

XEEx s B EEER S coonine  F cootfine | f A B 2|

—-OoxX

5 Totally integrated Automation

PORTAL

» General

STEP 7 Safety

|
syse] il

» Hardware configuration
» PLC programming

» Simulation

General

[ Generate default fail-safe program
» Online & diagnostics

PLC alarms
» Visualiztion

Keyboard shortcuts
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3.4.7 Setting the IP address on the programming device

To program SIMATIC S7-1500 from the PC, the programming device or a laptop, you need a TCP/IP
connection or an optional PROFIBUS connection.

For the PC and SIMATIC S7-1500 to communicate with each other via TCP/IP, it is important that
the IP addresses of both devices match.

First, we show you how to set the IP address of a computer with the Windows 7 operating system.

— Locate the network icon in the taskbar at the bottom m and click — "Open Network and
Sharing Center".

Not connected i

dj '] Connections are available

Wireless Network Connection -
K

I Open Netwerk and Sharing (cﬁ'.rrl
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— In the open Network and Sharing Center window, click — "Change adapter settings".

“* » Control Panel » All Control Panel rems » Metwork

QU

Control Panel Home

View your basic network

Change adapter cettings [La..l-
T~

Changéd_dvanced sharing
settings

(This computer)

View your active networks

Metwork
L‘ Home network

-

— Select the desired — "Local Area Connection" that you want to use to connect to the

controller and click — "Properties".

@Qv|@ + Control Panel » Metwork am

Organize = Disable this network device

_'-. Local &rea Connecticn
%ﬁ/ Metwork

S Intel(R) 82578DC Gigabit Network...
® Disable

Status

Diagnose
'@ Bridge Connections

Create Shortcut
Delete

'@ Rename

P rti
'@' e
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— Next, select — "Properties” for — "Internet Protocol Version 4 (TCP/IP)".

L ™
Lﬁ,] Local Area Connection Properties u

Networking | Sharing

Connect using:
I_TI" Intel(R) 82578DC Gigabit Network Connection

This connection uses the following tems:

T Clignt for Microsoft Networks

QVMware Bridge Protocol

=105 Packet Scheduler

.Q File and Printer Sharing for Microsoft Metworks
-4 |ntemet Protocol Viersion 6 {TCP/IPvE)

W |ntemet Protocol Version 4 (TCP/IPvd)

<t Link-Layer Topology Discovery Mapper 140 Driver
<t link-Layer Topology Discovery Responder

Description h‘

Transmission Control Protocol/Intemet Protocol. The default
wide area netwark protocol that provides communication
across diverse interconnected networks.

[ ok || cancel |

— You can use the following IP address, for example — IP address: 192.168.0.99 — Subnet

mask 255.255.255.0 and accept the settings (— "OK")

Internet Protocol Version 4 (TCP/IPvd) Properties m

General

‘You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Obtain an IP address automatically
(@) Use the following IP address:

IP address: 192 .168. 0 . 99
Subnet mask: Pes . 255 . 285 . 0

Default gateway: 2 : :

Obtain DMNS server address automatically

(@ Use the following DNS server addresses:
Preferred DS server: . . .
Alternate DNS server: L ]

[ o ,.\é][ Cancel |
Loy
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3.4.8 Setting the IP address in the CPU
The IP address of SIMATIC S7-1500 is set as follows.

— Select the Totally Integrated Automation Portal for this, which is opened here with a double-
click. (— TIA Portal V13)

ALE
TIA Portal V13

— Select — "Online & Diagnostics" and open the —"project view".

Tify Siemens “OX

Totally Integrated Automation

® Accessible devices

Online &
Diagnostics

}» Project view
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— In the project tree under — "Online access", select the network adapter that was set

previously. If you click — "Update accessible devices" here, you will see the IP address (if

previously set) or the MAC address (if IP address not yet assigned) of the connected

SIMATIC S7-1500. Select — "Online & Diagnostics" here.

T4 Siemens
Prpject Edit  View Insel:t On}\'ne‘ Options Teols Window Help : Totally Integrated Automation
Cf Hsovepoecs @ ¥ 32 B X D 5 MM & Goonline ¥ Goofiline fia [ MB 3¢ H (1 PORTAL

Project tree

Devices
HOO

~ [1g Online access
1 Displaylhide interfaces

» [ cOM [RS232/PPI multi-master cable]
= [J Intel(R) Ethemet Connection 1217-LM

Be Update accessible devices

~[m cpu_1516f.profinet-schnittstelle_1[192.168.0.1]
4] Online & diagnostics

» I8 Program blocks

» [ Technology objects

» [ PLC data types

» [ Online card data

» [ Dell Wireless 1550 802.11ac
» [ ViMware Virtual Ethemet Adapter for ViMnet1
» [ Viware Virtual Ethemet Adapter for VMnet8
v [ PC Adapter [MPI)
» [ PC intemal [Local]
» [ PLCSIM [PNIE]
3 I‘_-u PLCSIM 57-1200/57-1500 [PN/IE]
» [ UsB [S7UsB]
» [ TeleService [Automatic protocol detection]

» [ Card Reader/USB memory & properties  |?info |2 Diagnostics

General H Cross-references || Compile |

@mlshuwa\\ messages |"
> | Details view
4 Portal view i Scanning for pleted for int...

]
]
]
]
]
et
=
]
]
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— Under— "Functions", you now find the — "Assign IP address" item. Enter the following IP
address here (example): — IP address: 192.168.0.1 — Subnet mask 255.255.255.0. Next,
click — "Assign IP address" and this new address will be assigned to your SIMATIC S7-
1500.

T4 Siemens —ox

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

5 i H saveproject @ ¥ =22 X 922 WEMEE R § coonline ¥ cooifline | o [ I 3¢, H (1] PORTAL
Devices _ °
5 » Diagnostics . =
Lio© - Functions Assign IP address =
3
it =]
~ [ Online access dsiliiscdes ES
Y Displayihide interfaces iemme dat MAC address: 00 18 -1B -71 -5C -CD
» L COM [RS232/PPI multi-master cable] Jm| " Pimwere update D =
~ [} Intel(R) Ethernet Connection 12171M ] RIS PR 02 163.0 .1 =
= Reset to factory settings EREIEEE . . . 2
B2 Update accessible devices < x " B
< ’?]l cpu_1516f.profinet-schnittstelle_1 [192.168.0 [Ferm=d m..emc;ry car S o 255 255 .0 N
4/ Online & diagnostics HOEE L E | ] Use router E
» ! Program blocks f Routeraddress: 192 . 168 . 0 =
» [ Technology objects N i 2.168.0 £
Mz H E
» Ry PLC data types ‘Assign IP address z
» | = Online card data B
» Eﬂ Dell Wireless 1550 802.11ac =] ~ Assign a device address to the medule | |
» [0 vMware Virtual Ethemet Adapter for VMnet1 ] Assigns the IP configuration to the
» [ VMware Virtual Ethemet Adapter for VMInets L] module.
» [ PC Adapter [MPI] &
» (R PC intemnal [Local] ]
» [0 PLCSIM [PNIIE] )
» [ PLCSIM S7-1200/57-1500 [PNIIE] L2
» [ UsB [S7USE] . =
i . 5 % Di =
» (7 Teleservice [Automatic protocol detection] ] |§ ropertics H L info H & Diagnostics
v [ Card Reader/LUSE memory || General | Cross-references | Compile |
@\I‘ Show all messages T
! Message Goto |? Date Time
< [ B
* | Details view <] 1l
o e LT

Note: The IP address of the SIMATIC S7-1500 can also be set via the display on the CPU,
provided this is enabled in the hardware configuration.

— If the IP address was not successfully assigned, you will receive a message in the — "Info"

window under — "General".

9 Properties [™}info |2l Diagnostics

J General || Cross-references || Compile |

@m|showall meszages [+]

1 Message Go to ? Date Tirne
€ ~ TheIPaddress could not be assigned. ? 21912015 1:32:54PM E
(%] The set command could not be executed. 21912015 1:32:54PM =
v
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3.4.9 Formatting the memory card in the CPU

— If the IP address could not be assigned, the program data on the CPU must be deleted. This

is accomplished in 2 steps: — "Format memory card" and —"Reset to factory settings".

— First, select the — "Format memory card" function and press the — "Format" button.

T4y Siemens -Oox
Project Edit View Insert Onhne— Options Tools Window Help Totally Integrated Automation
Gf (H soveproeer @ ¥ 2 2 X D 5 MG E R coonline §F coofiine | iy [ W 3¢ ] 1] PORTAL
Devices o
[l =
=00 » Diagnostics E
— =
- Functions Format memory card 5
g
~ i) Online access stwtgn\P FlilEs E
¥ Displayihide interfaces etume :
v [ COM [RS232/PR multi-master cable] m| ' ;‘””WE’E I &
~ [} Intel(R) Ethernet Connection 12171M = ssign m?me . IPaddress:  192.168.0 .1 3
fi? Update accessible devices fesetbluclonEE i PROFINET device name: |cpu_1516fprofinet-schnittstel 5
= T]l cpu_1516f.profinet-schnittstelle_1[192.168.0 o 9
. 5 o - Save service data “ |
%/ Online & diagnostics : u 0
» T Program biocis I £
v E=
] Ep Technology cbjects H w Format 5
' ;ﬂ ESSdaailypes Formats the z
+ [2 Online card data memorycard of the g
» [ Dell Wireless 1550 802.11ac . selected CPU. ||
» El] VMware Virtual Ethemet Adapter for VMnet] ]
» Eﬂ Viware Virtual Ethemet Adapter for VMnet8 L]
»+ (7 PC Adapter [MPI] ..
+ [B pC intemal [Local] ]
» 1 PLCSIM [PNIIE] 5|
» [ FLCSIM 57-1200157-1500 [PNIIE] Lo |<i Properties |%info [ Diagnostics
~
» [8 usB [s7us) I 7
;u ; I J General H Cross-references H Compile \
» L TeleService [Automatic protocol detection] ..}
» [ Card Reader/USB memory @E“ Show all messages [~]
! | Message Goto |7 Date Time
€3 ~ TheIPaddress could not be assigned. 7 21192015 1:32:54PM E‘
@ The set command could not be executed. 21912015 1:32:54PM —
Al [ 3

> | Details view <| [T
4 Portal view =3 Overview |g Online & dia._. . =

— Confirm the prompt asking if you really want to format the memory card with — "Yes".

Online & diagnostics (0241:000024)

I Do you really want to format the
memory card?

Formatting a memory card is only permitted in STOP
mode. Do you want to stop the CPU?
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3.4.10 Resetting the CPU to factory settings

— Before you can reset the CPU, you must wait until the formatting in the CPU has finished.
Then you must select — "Update accessible devices" and — "Online & diagnostics" of your
CPU again. To reset the controller, select the — "Reset to factory settings" function and click

— "Reset".

714 Siemens —ox
Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
Ci i sovepoject & ¥ =252 X 9 W E B & coonline ¥ sooffiine | o [ W 2 - 1| PORTAL
Devices o
N » Diagnostics I ES
8] : 5
- Functions Reset to factory settings a
F g
~ [fg) Online access .:stsltgan TEiEES E
Y Displayihide interfaces ettme i
+ [ COM [RS232/PR multi-master cable] 7] i'""‘”“ risis B
~ [ Intel(R) Ethemet Connection 1217-LM Ja o, nme " [Paddress:  192.168.0 .1 3
fi? Update accessible devices Heseltd actury;eng; PROFINET device name: 3
~ [l cpu_1516.profinet-schnittstelle_1[192.168.0 P i Tl L 7]
w . . 5 b Save service data 4 L
%/ Online & diagnostics ] [l ® Retain IP address E
» = b
= Eioosuiblosks " () Delete IP address E:
» L% Technology objects H =7
b (& PLC dsta types E
+ (= Online card data P Reset -3
» [0 Dell Wireless 1550 802.11ac ] |
» Eﬂ WMware Virtual Ethemet Adapter for VMnet1 ]
3 :ﬂ VMware Virtual Ethemet Adapter for VMnets ]
» [ PC Adapter [MPI] ]
» (B PC internal [Local] ]
» [0 PLCSIM [PNIIE] |
» L1 PLCSIM 57-1200157-1500 [PNHE] Lo e properties [*info | Diagnostics
» [0 usB [S7UsB] ] .
pi I . I . J General || Cross-references ” Compile |
» | TeleService [Automatic protocol detection] ]
» [ Card ReaderiUSE memory @\I‘l show all messages 2]
! Message Goto |7 Date Time
[i] Scanning for devices completed for interface Intel(R) Ethernet Connection 1217-LM. No dev 2119i2015 1:35:02 PM
0 Scanning for devices on interface Intel(R) Ethemet Connection 1217-LM was started. 21912015 1:35:20 PM =
A I UL H 3 ﬂ ! Scanning for devices completed forinterface Intel(R) Ethernet Connection 1217-LM. Found 21912015 1:35:290 PM

> | Details view < [
4 Portal view £3 Ovenview I& Online & dia... i Scanning fo ted for int...

— Confirm the prompt asking if you really want to reset the module with — "Yes".

Online & diagnostics (0241:000019)

Do you really want to reset the
module?

Resetting is only allowed in STOP
] mode. Do you want to stop the CPU?

| Yes | ! No :

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 31
SCE_EN_012-101 Hardware Configuration S7-1516F_R1512.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-101, Edition 02/2016 | Digital Factory, DF FA

4 Task

Create a project und configure the following modules of your hardware, which correspond to one part
of the Trainer Package SIMATIC S7-1500F with CPU 1516F-3 PN/DP.

— 1X SIMATIC PM 1507 24 V/8 A STABILIZED POWER SUPPLY INPUT: 120/230 V AC
OUTPUT: 24V DC /8 A (order number: 6EP1333-4BA00)

— SIMATIC S7-1500, CPU 1516F-3 PN/DP, WORK MEMORY 1.5 MB PROGRAM, 5 MB
DATA, 1. INTERFACE, PROFINET IRT WITH 2 PORT SWITCH, 2. INTERFACE,
ETHERNET, 3. INTERFACE, PROFIBUS, 10 NS BITPERFORMANCE, SIMATIC
MEMORY CARD REQUIRED (order number: 6ES7 516-3FN01-0ABO)

— 11X SIMATIC S7-1500, DIGITAL INPUT MODULE DI 32 X DC24V, 32 CHANNELS IN
GROUPS OF 16 (order number: 6ES7 521-1BL00-0ABO)

— 11X SIMATIC S7-1500, DIGITAL OUTPUT MODULE DQ 32 X DC24V / 0.5A; 32
CHANNELS (order number: 6ES7 522-1BL01-0AB0)

5 Planning

32

Because this is a new system, a new project must be created.

The hardware for this project is already specified with the SIMATIC S7-1516F PN/DP Trainer
Package. Therefore, a selection does not have to be made. Instead, the listed modules of the Trainer
Package only have to be inserted in the project. To ensure that the correct modules are inserted, the

order numbers from the task should be re-checked directly on the installed device.

Usually the CPU is added first and then the signal modules. The power supply can be added last. See
Table 1.

The Ethernet interface must be set for the configuration of the CPU. Other settings for fail-safe
operation and password protection are also made. The address area is set for the digital input and

output modules.

Module Order number Slot Address area
CPU 1516F-3 PN/DP 6ES7 516-3FN01-0ABO 1

DI 32x24VDC HF 6ES7 521-1BL00-0ABO 2 0...3

DQ 32 X DC24V / 0.5A HF 6ES7 522-1BL01-0ABO 3 0...3

PM 190W 120/230VAC 6EP1333-4BA00 0

Table 1: Overview of the planned configuration

As the final step, the hardware configuration must be compiled and downloaded. Any errors present
can be detected during compilation and incorrect modules can be detected when the controller is

started (only possible when hardware is present and structured identically).

The tested project must be saved.
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6 Structured step-by-step instructions

You can find instructions on how to carry out planning below. If you already have a good
understanding of everything, it is sufficient to focus on the numbered steps. Otherwise, simply follow

the steps of the instructions illustrated below.

6.1 Create a new project

— Select the Totally Integrated Automation Portal for this, which is opened here with a double-

click. (— TIA Portal V13)
ALE
TIA Portal V13

— In the portal view under the "Start" menu, select the command — "Create new project".

T Siemens

) Open existing project
Create new project

Migrate project

P Welcome Tour

— Modify Project name, Path, Author and Comment as appropriate and click — "Create".

Create new project

Projectname: | 012_101_CPU1516F

|
Path: | D:lAutomation L_]
|

Author: |spe

Comment: |Ed

W

I Create

— The project will be created and opened and the menu "Start", "First steps" will open

automatically.
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6.2

34

Insert the CPU 1516F-3 PN/DP

— Inthe — "Start" portal, select — "First steps" — "Devices & Networks" — "Configure a

device".

T4 Siemens - D:AAutomation\012_101_CPU1516R012_101_CPU1516F

Totally Integrated Automati

First steps

_ _ . Project:"012_101_CPU1516F" was opened successfully. Please select the next step:
Open existing project

Create new project
)
Migrate project
Close project
n | Configure a device
Welcome Tour
g i Write PLC program
First steps
Configure 3
technology objects
Installed software i i Prranatorize dive
Help
l ‘ Configure an HMI screen

User interface language

Open the project view

P Project view Opened project: D:\Automation\012_101_CPU1516F\012_101_CPU1516F

— The "Show all devices" menu opens in the "Devices & Networks" portal.

— Switch to the "Add new device" menu.

T4 Siemens - D:\Automation\012_101_CPU1516FR012_101_CPU1516F

Totally Integrated Automati

Add new device

Devices & Show all devices Device name:
networks h r 1

i [ Controllers Device:
: » [ simaTC 57-1200
i » [ simMaTIC 57-1500

» [ SIMATIC 57-300

» [ sIMaTIC 57-400

» [ SIMATIC ET 200 CPU
» [l Device Proxy

Add new device

Controllers |

Configure networks Article na.: ]
|

Version:

Description:

P Project view Opened project: D:\Automation\012_101_CPU1516F\012_101_CPU1516F
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— The specified model of the CPU will now be added as a new device.

(Controllers —» SIMATIC S7-1500 - CPU — CPU 1516F-3 PN/DP — 6ES7 516-3FNO1-

0ABO — V/1.8)

jemens - D:\00_TIA_Portal\012_101_CPU1516R012_101_CPU1516F

Add new device

—-OoX

Totally Integrated Automation

Devices & @ Show all devices Device name:
networks
@ Add new device [rca |
= [ Controllers
» [l SIMATIC 57-1200
~ [ SIMATIC 57-1500
~[a
Controllers Lm CPU

» [l CPU1ISTI-TPN

» [l CPU1IS11C-1PN

» [ CPU1512C- 1PN

» [l CPU1513-1PN

» [ CPU1515-2 PN

» [ CPU1516-3 PNIDP
» [ CPU1517-3 PNIDP
» [ CPU1518-4 PNIDP

HMI
g » [l CPUISTIF-1PN

@& Con figure networks

» [J CPU1513F-1PN

» [ CPU1515F-2 PN

PC systems ~ [ CPU1516F-3 PN/DP
[l 5E57 516-3FND0-0ARD
[lees7S 6 5o oacot

» [ CPU1517F-3 PNIDP

» [ CPU1518F-4 PNIDP

» [ Unspecified CPU 1500

@ Help prives » (W CPUSIPLUS
- » [l SIMATIC 57-300

» [§ SIMATIC 57-400

» [ SIMATIC ET 200 CPU
» [1, Device Proxy

— Assign a device name (Device name — "CPU_1516F").

Device name:

CPU_1516F

— Select "Open device view".

[#] Open device view
<]
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Device:

CPU1516F-3 PNIDP

Article no.: 6ES7 516-3FMO1-0AB0
Version: V18 [+]

Description:

CPU with display; work memory 1.5 MB program
and 5 VB dats; can be used for safety
applications, supports PROFIsafe V2; 10 ns bit
instruction time; 5evel protection concept,
integrated technology functions: motion, closed-
loop control, counting&measuring; integrated
trace; 1st interface: PROFINETIO controller,
supports RTIRT, 2 ports, |0 device, MRP, transpart
protecol TCRIIP, 57 communication, Web server,
constant bus cycle time, routing; 2nd interface:
PROFINET basic services | transpert protocol
TCPIIP, Web server, routing; 3rd interface:
PROFIBUS DP master, constant bus cycle time,
routing; firmware V1.8
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36

_)

T4 Siemens - D:\00_TIA_Portal\012_101_CPU1516F012_101_CPU1516F

Devices &
networks

P Project view

Click "Add".

@ Show all devices

@ Add new device

@ Configure networks

® Help

=
Totally Integrated Automation
Add new device
Device name:
|cPu_1516H
= -
~ [ Controllers Device:
» [l SIMATIC 57-1200
~ [ SIMATIC 57-1500
-[&
Controllers e
» [ CPU1511-1PN
» [ CPU1311C-1 PN
= CPU1516F-3 PNIDP
» [ CPU1512C-1PN
D » [ CPU1513-1PN
» [ CPU1515-2 PN Atticeno:  [6ES75163FN010i80 |
=
HMI » (i CPU1516-3 PNIDP Version: vig =
» [l CPU1317-3 PNIDP
—— » [ CPU1518-4 PNIDP Description:
» [ CPU1511F-1PN CPU with display; work memory 1.5 ME program
s - and 5 MB data; can be used for safety
D r{. SRR R applications, supports PROFIsafe V2; 10 ns bit
» [m CPUTSISF-2 PN instruction time; 5-evel protection concept,
PC systems ~ [ CPU1516F-3 PNIDP ;n(?gra(ed I‘E[hnnlugyﬁm(lmns motion, dns;d—
5 ¥ oop control, counting&measuring: integrate,
IEESZ NG AR trace; 1stinterface: PROFINET O controller,
[l 657 516-3FN0O1-0AB0 supports RTIRT, 2 ports, IO device, MRP, transport
» [ CPU1517F-3 PNIDP protocol TCPIIP, §7 communication, Web server,
e constant bus cycle time, routing; 2nd interface:
| CPU"ET_EF"' PN/DP PROFINET basic services | transport protocol
Drives » [l Unspecified CPU 1500 TCFilF, Web server, routing; 3rd interface:
» [ CPUSIPLUS FROFIBUS DF master, constant bus cycle time,
» [ SIMATIC 57-300 routing; frmware V1.8
e
» [ SIMATIC 57-400
» [l SIMATIC ET 200 CPU
» i, Device Proxy
=] [ [2]

[« Open device view

Opened project: D:00_TIA_Portal\012_101_CPU1516F\012_101_CPU1516F

Note: The desired CPU may have multiple versions that differ in functionality (work memory,

integrated memory, technology functions, etc.). In this case, you should ensure that the

selected CPU meets the requirements placed on it.

Note: Different firmware versions are often offered for the hardware. In this case, it is

recommended to use the latest firmware (selected by default).
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— The TIA Portal now changes automatically to the project view and displays the selected CPU

in the device configuration for slot 1 of a rail.

U4 Siemens - D:\Automation\012_101_CPU1516R012_101_CPU1516F

Project Edit View Insert Online Options Tools Window Help

Totally Integrated Automation
P

U 3 saveproject 3 Y 2 ine | fl; M > ] 1] RTAL
012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] - WX
| Devices |£ Topology view Hﬂﬂg Network view J|]]‘f Device view || Options (EE]
= = 10 = z > o o = 153
HQ O d [cusier F & &(eda: = =]
| 2| | | catalog H
v ] 012_101_CPUI516F B (=] [<earchs | iy | ] 2
I Add new device 5 i ]
B Devices & networks BIF"‘?* g
~ [[§ CPU_1516F [CPU 1516F-3 PN/DP] - v - nlgm 2
[IY Device configuration - » |4 P [
%/ Online & diagnostics g 2 g i 2 g L 5 a cFu %l
! Safety Administration = Rail 0 =l a oL [
» g Program blocks £ v I)j oQ =
+ [ Technology objects 4 |41 olipg
b g External source files L2 :!N S
b L3 PLCtags »l@AQ
» [ PLC data ypes S » [ aing =
» [E3 Watch and force mbles » [l Communications modules 74
bns -
» [ Online backups » E_m‘rechrml:gj modules g
b [ Traces o » [l Interface modules 5
ok 1
5 Program info 3 | [>] [o0% I —s— |
+ [ Device proxydats Ll
2 PLC alarms ['q Properties | "jInfo &) %] Diagnostics | E
£ Textlists | General | I0tags | Systemconstants | Texts | =l
r - e B | 3
r»ﬂ_g Local modules et o [ = = 8
» ﬂ Common data b Failsafe ig interface [=] =
» [£) Documentation settings v m
» [ Languages & resources = s ¢ General
L Ooline accac b E
:'lDalaiIs view £ paramere b
Ethernet addresses | Mame: |FROFINETinterface_1 |
Time synchronizmtion I i v
Name Operating mode [wll [ > | Information

4 Portal view

+ Project 012_101_CPU1516F created.

Note: You can now configure the CPU there according to your specifications. Possible

settings include the PROFINET and PROFIBUS DP interfaces, startup characteristics, cycle,

communication load and many others.
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6.3 Configure the Ethernet interface of the CPU 1516F-3 PN/DP

— Select the CPU with a double-click

— Under — "Properties", open the — "PROFINET-interface [X1]" menu and select the —

"Ethernet addresses" entry there.

012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP]

|¢E" Topology view H@ Network view ||ﬂf Device view [
@ 2 =
|g Properties a’_ﬂ Info & i %l Diagnostics |

d¢ [cPU_ts16F = & ® e

J General " 10 tags " System constants " Texts |

-

General Ead
Failsafe [l
FROFINET interface [X1] Interface networked with

General

Ethemet addresses

-

[ T2l

1

F-parameters Submet: | Mot networked v

Ethernet addreszes! [ Add new subnet

Time synchronizmtion

Operating mode 1P protocol

} Advanced options

Vieb server access () SetIP address in the project

Hardware identifier
IPaddress: | 192 . 168 .0 .1 |

-

PROFINET interface [X2]

‘ e
» DPinterface [X3] r Subnetmask: | 255 . 255 . 255 . 0 |
Startup ’ [ Use router
C)'\:|E | Hrtitet addrsse | 0
Communication load L s e - 3
Systemianid clock memory () IPaddress is set directly at the device
» Systern diagnostics
* Webserver PROFINET
General
Automatic update 0 PROFINET device name is set directly at the
device
User management
Waich mhise [# Generate PROFINET device name automatically
w Userdefined Vieb pages PROFINET device name |cpu_1516fprofinetinterface_1 | 5
Advanced |v| 73 } i 5 | '->-|—
— Under "Interface connected with", only the "Not connected" entry is available.
— Add an Ethernet subnet with the — "Add new subnet" button.
Interface networked with
G-l Mot networked -
| Add new subnet |
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— Keep the pre-assigned "IP address" and "Subnet mask".

012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP]

|= Topology view Hﬁ MNetwork view ||ﬂ'|‘ Device view_
@t [cru_isier [vlt,}@_‘_‘_:_j @+ H |Z
i |l Properties l"'_x..dnfo ij |] %l Diagnostics [

J General " 10 tags " System constants " Texts |

-

General A
2 = Ethemet addresses
Fail-safe

PROFINET interface [X1] Interface networked with
General

-

1

F-parameters Subnet | PNIE_1 [']

Ethernet addresses: | T TR

Tirme synchronimtion

Operating mode 1P pr ol

b Advanced options
AN AEES (=) SetIP address in the project
Hardware identifier

PROFINET interface [X2] A IPaddress: | 192 . 168 .0 .1
DP interface [X3] § Subnet mask: |_225;225:2£5_oj
Startup » [J use router

Cycle
Communication load —

- -

() IP address is set directly at the device

Systermn and clock memory

-

System diagnostics
w Web server PROFINET
General

Automatic update = PROFINET device name is setdirectlyat the
— device

User management

Watch tables

= Userdefined Web pages PROFINET device name u:_cpyr_!__s_'lﬁf,pr_oﬁng! interface_1 |

[\ Generate PROFINET device name automatically

6.4 Configure the fail-safe operation of the CPU 1516F-3 PN/DP

— In the — "Fail-safe" menu, select — "F-activation" and select — "Disable F-activation" there.

['d Properties  |*iInfo )| %) Diagnostics |

J General || 10 tags || System constants || Texts |

b General IA
* Fail-safe

F-parameters L Fcapability scovated
» PROFINETinterface [X1]

» FROFINETinterface [X2] : .
» DPinterface [X3] Disable Factivation

F-activation

Cearsim

— Confirm the prompt asking if you want to continue with — "Yes".

Turning off the F-activation (2501:000020)

Turning offf the F-activation CPU_1516F will deactivate all
= fail-safe blocks. Do you want to continue?
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6.5 Configure the access level for the CPU 1516F-3 PN/DP

— Switch to the — "Protection" menu and select access level — "Full access incl. fail-safe (no

protection)".

|'d Properties | " Info yii Diagnostics r

| General | i0tags [ Systemconstants [ Texts |

» General

= raioake Protection
F-activation Access level
F-parameters

» PROFINETinterface [X1] Selectthe sccess level for the PLC.

» PROFINETinterface [x2]

b oRintatace D) Access level Access Access per...
artup HMI Read Write Fail-safe | Password
£AL o @ Full access incl_filsafe (no protection} Y 4 R ' |=]
Somuinication ioall C\ Full access (no protection) e v v o
System and clock memory | @iiiices v v

} System diagnostics H (?.\ i o

k W.\?b SEEE b 6 No access (complete protection)

¥ Display .

User interface languages I
Time of day Full access incl. failsafe (no protection):
o i E.: E?r’ifll-:sjl:s—ﬂ\ﬂ?ﬂappiicaﬁons will have access to all standard and feilsafe functions.

Note: The setting "Full access incl. fail-safe (no protection)" is recommended because a

safety program is not created here and thus we also do not have to assign a password.

6.6 Insert the digital input module DI 32x24VDC HF

— Find the correct module in the hardware catalog (— Hardware catalog — DI — DI 32x24VDC
HF (order number 6ES7521-1BL00-0ABO))

0 01_CP 6 p 6F [CP 6F-3 PN/DP I
I y | ) | Py 5 | Y
|& Topology view [, Network view |} Device view || Options rEj
" AT A aFS
& [cru_tsier = & =Gl @ = - =
~l | v catalog H
I = -
iy | ||
= C -]
[ Filter g
L r K]
v v v b Pt Eedlf i
— = rmrs
s | Tofs 7 I » @y v
Rail_0 [ . moi =]
» [l D1 16x24VDC BA £
» [ DI 16:x24VDC HF 2
» [l DI 16:24VDC SRCBA =18
» [ 01 32:24VDC BA )
% + [ifi DI 32x24VDC HF L2
R 6ES7 521-1BLO0-0ABO] =
d » [ D1 16:x230VAC BA E‘
»moo | |&
» [mouog | |
rmA L
» @A E
b L AlIAQ 8
~ | Infermation -3
Device: —_ |
v,
<|lm} | ] [100% ] —6— &
- DI32Q4VDCHE |V
| & Properties fmtnio i) | Ll Diagnostics ; I3 [] 2]
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— Insert the digital input module by using drag-and-drop to move it into slot 2 of the mounting

rail.
0 0 P 6 P 6 P 6 PN/DP
]E Topology view |8, Network view H[ﬁ Device view | Options
- e M =1z
d [Fuser 9 8 E (4]l Qs =| =l
i; V|Catalog 2
o
)
(] | [— ]
I’ [ Filter g
L} —|&
b L PM [~ e
» @es
0 5 3 » (@ cru j
Rail_0 ~(mol o
o =
» [l DI 16x24%DC BA =
S521s1 OG-0/ 30] 5
psaiiioco: ) » [ DI 16:24VDC HE B
» [l DI 16x24VDC SRC BA =8
» (1§ DI 32x24vDC BA o
b x
~ [ 01 32:24VDC HF =
Il |s€57 521-18L00-0480 (%
» (38 DI 16:x230VAC BA )
» (M 0g 3
» (@ oipq | |
v @A Ll
» [l A0 e
» [ AlAG \"| 3
+ | Information &
Device: ﬁ_
[v]
<] [3] [1o0% = WS el |
——— DI 32x24VDC HF .
IEPmpeities I"_I'L‘,lnfc yl&;Diagnastics I = ¢ i >

Note: To select the digital input module, you can simply enter the order number in the
Search field and then click the "Search down" ! icon. The hardware catalog will open at the

correct position.

Options (EE]
=l
2
v | Catalog E
[6E57 521-1BL00-04B0 |m it 2
o & |
: g
cd f"“” Search down
» [ PM &
» (@ Ps
= -
»lmcru o
~[mo o
» (1 DI 16:x24VDC BA %
» [l DI 16:24VDC HF "
s [~g
» ([ DI 16:24VDC SRC BA B
» [ DI 32:24VDC BA "
« [l DI 32:24VDC HF |
[l ses7 521-18L00-0AB0 g
» [l DI 16:230VAC BA y
»[moQ @
» [ Diipg L8
» A L
a3 =
4 __[!AQ =
» (g AllAQ =
» [l Communications modules E'
» [l Technology modules
» 5 Interface modules e

Note: When you double-click a module in the hardware catalog, you insert it at the next

available compatible slot.
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6.7 Insert the digital output module DQ 32xDC24V / 0.5A HF

— Find the correct module in the hardware catalog (— Hardware catalog - DQ —
DQ 32xDC24V/0.5A HF (order number 6ES7522-1BL01-0ABO)

— Insert the digital output module into slot 3.

PN/DP
|E Topology view @ Network view ‘m'f Device view \ Options

PG a— I Y 5 =

= | Catalog

[earch> iy

[ Filter
» [ CPU
» (W DI
~[@DQ
4 5 6 7 » [l DQ 8x24VDCI2A HF
» [ DQ 16x24VDCI0.5A BA
» [l DQ 16x24VDCI0.5A ST
» [l DQ 16x24VDCI0.5A HF
» [ DQ 32x24VDC/0.5A BA
» [ DQ 32x24VDCI0.5A ST
~ [l DQ 32x24VDCI0.5A HF
[ J2E57 222 75101 0B
» [l DQ 16x24..48VUCN 25VDCI0.5A ST
» [ DQ 8x230VAC/2A ST
» [l DQ 8x230VAC/SA ST
» [l DQ 16x230VACHA ST
» [/ DO 16x230VACI2A ST
v | Information

fojejes siempiey {E

5100} BUNUQD EH

sapeiqr] = H syse| ﬂur”

Device:

DQ 32x24VDCI0.5A HF

Article no.: BES7 522-1BLO1-0ABO

Version: V1.0 []

Description:
Digital output module DQ32 x24VDC |

<[ m | 100% =] —5— & 0.5A; grouping 8; 44 per group;

configurable diagnostics; configurable

|e properties |*ilinfo 41| Rl Diagnostics subsiitute value for output -

Note: If you do not use a slot, you must close the gap before you compile. Otherwise, an

error message will occur.
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6.8 Insert power module PM 190W 120/230VAC

— Find the correct module in the hardware catalog and insert the power module into slot 0. (—

Hardware Catalog - PM — PM 190W 120/230VAC (order number 6EP1333-4BA00) — Slot

[E Topology view I& Network view ﬂm Device view |_ Options r@
; - ==
d¢ [cru_tstsr [ & = (& as = =] =
i [~ | v |catalog F
[ses7saisiooomo |y ]|
[ Filter a
- (15 PM 2
» I:' PM 70W 120i1230VAC |
« (i P\ 190 1201230VAC [l
(=]
.
5
]
-
]
=
“
B
| »meo g
» [ AllAQ 3
» h Communications modules Ll
» [iTEr_ﬁnolngymudu\es E
» r‘_ilmerhr_e modules E
3
« | Information 5
Device: %_
]

Note: If a module as well as the power module is planned for one slot, it is not possible to

place it at another position even in the device configuration.

— Compare your device configuration with the following figure.

012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP]
E Topology view ||é,, Network view "ﬁ'f Device view |_
d [cru_ister o R e : =W
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6.9 Configure the address areas of the digital input and output modules

— In the "Device overview" area, make certain that the "DI 32x24VDC HF" module has input

address area 0...3. (— Device overview — DI 32x24VDC HF — | address — 0...3)

— Next, check if the "DQ 32xDC24V/0.5A HF" module has output address area 0...3.
(— Device overview — DQ 32xDC24V/0.5A HF — Q address — 0...3)

012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP]

|& Topology view |y Network view |I¥ Device view ||
dt [cPu_1516F [] [ & = Device overview
~
o Y. Module Rack Slot | address | Q address | Type
,\é &AQ E PM 190W 120/230VAC 0 0 PM ...~
& A ~ CPU_1516F 0 1 CP...
6 < Q'\ﬂ’ QC)- » PROFINET interface_1 o 1x1 PR... A
» PROFINETinterface_2 0 1x2 PR.. [=
DP interface_1 0 1x3 DP..
_ DI 32x24VDC HF_1 o 2 0..3 DI ...
: DQ 32x24VDCI0.5A HF_1 0 3 0.3 DQ...
m o 4
I 0 5
0 6
o 7
o g
o g
o 10
o 1
0 12 O
<[> [ [100% [l —%— & <] m

Note: To show and hide the Device overview, you must click the small arrow next to "Device

data" on the right side of the hardware configuration.

(R ]
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6.10 Save and compile the hardware configuration

— Before you compile the configuration, you should save your project by clicking the —

E Seve project button. To compile your CPU with the device configuration, first select the

— "CPU_1516F [CPU1516F-3 PN/DP]" folder and click the — il "Compile" icon.

74 Siemens - D:\Automation¥012_101_CPU1516F012_101_CPU1516F
Project Edit View Insert Online Oprions Tools Wndow Help Totally/Integrated Automation
G e @ X B X O B MG EQ F coonine F cooiine o WA 2 - [] PORTAL
J:MT‘ |= Topology view |.5§3 Network view ]m Device view | Options E
. ; (7l = i =
00O df [cPu_1516F [ 2 e Qs =] =]
- — Y o ~ | Catalog 3
~ ] 012_101_CPUIST16F 2] & .08 . g it 3
B Add new device & & v-f- —_ el
g Devices & networks g‘p. / Q\ﬁ"" oc’ B‘Fllle{ :_.
~ [} CPU_1516F [CPU 1516F-3 PN/DP] WP =l
m Device configuration E=i » -a Ps
.!. Online & diagnostics - i — + 3 & 4 L3 e | CFU f
» g Program blocks N - rimor )
» [ Technology objects + . moQ =
» &} Extemnal source files D " » _m DIDYQ :
b g FiCtags f » _m Al ;
» [@ PLC data types E »msQ @
» 55l warch and force tables i AlIAQ =
» _n Online backups » ;{. Communications modules ,Er'
» ;.‘ Traces L3 S | Technclogy modules El
4 Program info » i Interface modules =
» :& Device proxydata |
£A FLC alarms L
] Textlists E
» a Local modules E
» i common data i ~ | Information g
» ] Documentation settings | — = "’| Detice: A~
» rﬁ Languages & resources ~peim 3| [Fitto screen B T P L :"—
? | Details view iB Properties |"j.‘.lnfo i I %) Diagnostics | <] M B

4 Portal view 22 Overview | & cru_isisr

¥ Project 012_101_CPU1516F opened

Note: "Save project" should be used repeatedly when working on a project since this does

not happen automatically. A prompt to save the project only occurs when the TIA Portal is

closed.

If the project was compiled with

out errors, you see the following screen.

[€ properties [ Info | ] Diagnostics

@E | Show all messages

Compiling completed (errors: 0; warnings: 1)

[

| General || Cross-references || Compile |

Compiling completed (errors: 0; warnings: 1)

8:57:46 FM
8:57:46 PM
8:57:48 PM
8:5748 FM
8:5748 FM
2:57:48 PM
8:57:48 PM
8:5748 FM
8:57:49 PM
8:57:49 PM

! Path Description Goto |7 Errors | Warnings | Time
1~ CPU_1516F la 0 1
1 ~ Hardware configuration P 0 1
1 ¥ S71500/ET200MP statio A 0 1
1 - Rail_0 P ] 1
1 ~ CPU_1516F la 0 1
1 ~ CPU_1516F o 0 1
1 CPU_1516F CPU_1516F does not contain a configured protection level A
] ~ Program blocks Pa 0 0
Main (OB1) Block was successfully compiled. P
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6.11 Download the hardware configuration to the device

— To download your entire CPU, select the — "CPU_1516F [CPU1516F-3 PN/DP]" folder and

click the m — "Download to device" icon.

T4 Siemens - D:\Automation\012_101_CPU1516F012_101_CPU1516F

ji i I li i Tool! Hel, .
Pﬂ:je_tt Edit View Insert Onl |.ne_ Options  Tools !M_nduw elp Totally Integrated Automation
S Hsewpoet & X EE X 92 &) B B R F Goonline F Gooifiine | fo M - 1] PORTAL
Project tree M 4 (P! Cl i CF F-3 P
Download to device
1
| Devices |&* Topology view I|ﬁ Network view ||ﬂ'[ Device view | | Options [2E]
=4 e Toes = =1z
HOO 8¢ [cru1ser ] oG |s = = g
- o 2| [<lcis :
* ] 012_101_CPU1516F e e [
oo ovs B E ’ Gl
& Add new device & ¥ = o
3 o ¥ [ Filter s
by Devices & networks & = = o -3
™ W CPU_1516F [CPU 1516F3 PN/DP] - L3 _a PM =
m Device configuration Ji== 13 :I. PS ||
X Onlfine & diagnostics = 4 5 & 7 » ? CcPU 0
» ::; Program blocks . » :ﬂ Di 9
» [3 Technology objects I L :Jl D‘? =
» & Extemnal source files i » il DilbQ ;
» [ FLCtags : PEA =
g < @
» U PLC data types = L4 _J] AQ
» [l watch and force tables L4 FN’P\Q —
» [igj Online backups » [l Communications modules =g
= » [§i Technelegy medules 2!
» (5 Traces - ay —
4 Program info » [ Interface modules ¥
» [ Device proxydata S
£ PLC alarms LLJ
i1 | rog
= Text lists 3"_
» @l Local medules —
» 4§ common data | s | Information e
» [£] Documentation settings - BIG é Device: (2]
= = ] i n . o Iy
Languages & resources = e TR A [se
> | Details view ‘S Properties |} Info yi %} Diagnostics | | 1] LE
4 Portal view 722 Overview |2 ceu_ts16r 2_101_CPUTS16F opene

— The manager for configuring the connection properties (extended download) opens.

46

Connection to interfaceisubnet:

1st gateway:

‘Compatible devices in target subnet:

Device Device type

Flash LED
Online status information:

[T] Display enly error messages

Extended download to device [%

Configured access nodes of "CPU1S16F"
Device Device type Slot Type Address Subnet
CPU1516F CPU1516F-3 PN 1X3 PROFIBUS 2

CPU1516F-3 PNL. 1X1 PNIE 192.168.0.1 PNIE_1

CPU1516F-3 PNL. 1X2 PNIE 192.168.1.1

Type of the PGIPC interface:  [[S:d-Ca® [~
PGIPC interface: [] @

[[]®

[[]®

Type

Show all compatible devices

Address

Target device

Startsearch

Load

H Cancel |
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— First, the interface must be correctly selected. This happens in three steps.

— Type of the PG/PC interface — PN/IE

Extended download to device

[X
Configured access nodes of "CPU1516F"
Device Device type Slot Type Address Subnet
CPU1516F CPU1516F-3 PNL. 1X3 PROFIBUS 2
CPU1516F-3 PNL. 1X1 PNIIE 192.168.0.1 PNIE_1
CPU1516F-3 PN, 1X2 PNIIE 192.168.1.1
Type of the PGIPC interface:  |Please select... -
PGIPC interface: = @
z Py S S B_PrilE ®
onnection to interfacelsubnet: g~ o
1st gateway: #_Automatic protocol detection ©
4_TeleService
— PG/PC interface — here: Intel(R) Ethernet Connection 1217-LM
Extended download to device [X
Configured access nodes of "CPU1516F"
Device Device type Slot Type Address Subnet
CPU1516F CPU1516F-3 PNL. 1X3 PROFIBUS 2
CPU1516F-3 PNL. 1X1 PNIIE 192.168.0.1 PNIE_1
CPU1516F-3 PNL. 1X2 PNIIE 192.168.1.1
Type of the PGIPC interface: ﬁ_PNu‘IE [+]
PGIPC interface:  |Please select... - ®©
Connection to interfacelsubnet: (SRS ©
15t gateway WIH(EI(R} Ethernet Connection 1217-LM @
SO W Dell ireless 1550 802.11ac
& viware Virtual Ethernet Adapter for Viinetd
Compatible devices in target subnet: @ viware Virtual Ethernet Adapter for Vinetd
: : T FLCSIM
B B TYPE |l PLCSIM 57-1200/57-1500
— Connection to interface/subnet — "PN/IE_1"
Extended download to device X
Configured access nodes of "CPU1516F"
Device Device type Slot Type Address Subnet
CPU1516F CPU1516F-3 PNL. 1X3 PROFIBUS 2
CPU1516F-3 PNL. 1X1 PNIIE 192.168.0.1 PNIE_1
CPU1516F-3 PN, 1X2 PNIIE 192.168.1.1
Type of the PGIPC interface: ﬁ_PNu‘IE [+]
PGIPC interface: ﬁ Intel(R) Ethernet Connection 1217-LM [+] ©
Connection to interface/subnet: Please select... ~| @
SROREREE et atsiot '] X ©
Directatslot'1 X2’
PNIE_1
Compatible devices in target subnet: Try all interfaces
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— The — "Show all compatible devices" check box must be selected. The search for devices in

the network is started by clicking the — button.

Extended download to device %

Configured access nodes of "CPU1516F"

Device Device type slot Type Address Subnet
CPUI516F CPU1516F-3 PNL. 123 PROFIBUS 2
CPU1516F-3 PNL. 1X1 PNIIE 192.168.0.1 PN/IE_1
CPU1516F-3 PNIL. 122 PNIIE 192.168.1.1
Type of the PGIPC interface: ﬁ_ PNIIE [~]
PGIPC interface: ﬁ Intel(R) Ethernet Connection 1217-LM [~] ©
Connection to interfacelsubnet: PNIIE_1 ﬂ ©
1stgateway: | -] @

Compatible devices in target subnet: (¥ Show all compatible devices

Device Device type Type Address Target device
— - PNIIE Access address =
Flash LED
Start search
Online status information: p Startsearch

[ Display enly error messages

Load | | Cancel
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— If your CPU is shown in the "Compatible devices in target subnet" list, it must be selected
and the download started. (— CPU 1516F-3 PN/DP — "Load")

Extended download to device X
Configured access nodes of "CPU1516F"
Device Device type Slot Type Address Subnet
CPU1516F CPU1516F-3 PNL.. 1X3 PROFIBUS 2
CPU1516F-3 PNL.. 1X1 PNIIE 192.168.0.1 PNNE_1
CPU1516F-3 PNL.. 1X2 PNIIE 192.168.1.1
Type of the PGIPC interface: ﬁ_PNl’IE |'|
PGIPC interface: ﬁ Intel(R) Ethernet Connection 1217-LM [~] ©
Connection to interfacelsubnet: |PN|'IE_‘I |'| ©
stgateway: | [~] ©
Compatible devices in target subnet: [ Showall compatible devices
Device Device type Type Address Target device
CPUcommon CPU1516F-3 PNL. PNIE 192.168.0.1 CPUcommon
- - PNIIE Access address ---
[| Flash LED
Start search
Online status information:
»*7 Refrieving device information...
Scan and information retrieval completed. —
[ Display only error messages
f Load 1 | Cancel |

— You first obtain a preview. Confirm the prompt — "Overwrite all" and continue with — "Load".

Load preview %
9 Check before loading
Status ! Target Message Action
M @ ~ cruisieF Ready for loading.
Q » Software Download software to device Consistent download
0 Text libraries Download all alarm texts and text list texts Consistent download
[] [T I[2]
Finish | |I Load I| | Cancel |

|

Note: The @ symbol should be visible in every line of the "Load preview". You can find

additional information in the "Message" column.
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— The — "Start all" option will be selected next before the download operation can be

completed with — "Finish".

Load results [X
e Status and actions after downloading to device
Status | ! Target Message Action
& ~ cruisieF Downloading to device completed without error.
H ¥ Start modules Start modules after downloading to device. M startall
! The module "CPUT516F" can be started. M start
[<] i I[2]
finishe| | 1oad || cancel |

— After a successful download, the project view will open again automatically. A loading report
appears in the information field under "General". This can be helpful when troubleshooting

an unsuccessful download.

00_TIA_Portalt012_101_CPU1516F012_101_CPU1516F

Project Edit View |Insert Online Options Tools Window Help Totally Integrated Automation
G seveproject @ Y 35 T X 0 s 5 [0 G B R Y coonine F Goofine fp A8 % ] (]| PORTAL
012 101_CPU1516F *» CPU1516F [CPU 1516F-3 PN/DP] E
Devices [& Topology view @ Network view H—I]'l' Device view || Options [2E]
=
HOO dt B e e k]
=3
. . z
"9\, o & 7 ‘ Catalog H
~ ] 012_101_cPu1s16F ~ < RS N
B’ Add new device U,Q‘"\ %,\‘a *’_Lk ,ﬁj’ y E
~N N % [ Filter g
EEH Devices & networks 2D A — =
= < & < ~(mem [~ 1=
. =
Y pevice configuration » L PM70W12...
v v v -l =
2] online & diagnostics {m PMT90W 1... %)
+ [ Program blocks & 5 6 7 = [ 6EP13... o
+ [ Technology objects 4 r_{. = 5
< External source files b I_-I_l CcPU g
ﬁAdd new extemal file b I_-I_l DI %
» [3 PLC tags h -IIEQ =
» [ PLC data types > @ DQ8a. =
» ';L Watch and force tables D rJ‘-. DQ16x24V... —z
+ [ online backups D r{. DQ16x24V... B
L3 '3 Traces » r{. DQ32x2.. =
59 Program info M 4.[[;0 32x2. =l
6ES7 52...
+ [ Device proxy data LI
v —— T
= PLC alarms <L ] 100% ——— » (@ oos0s.. E
& Textlists |4 properties  |%linfo |2 Diagnostics | I_f _nfDQ 8x23... 2
M= » [ DIIDQ ®
r:"-ll Excalinciiies J General H Cross-references || Compile ‘ v [ Al g
» [g¢ Common data I_-l_l | |
» [5]) Documentation settings @El Show all messages [=] m,mﬁ—‘ =
v [@ Languages & resources ‘ .
~
» [ Online access ! Message Goto |? Date Time Information
» [m Card Reader/USE memory [i) ¥ Hardware configuration 219/2015 1:48:04PM Device: -
L] Hardware configuration was loaded successfully. 219/2015 1:49:47 PM 3
[ ] Connection configuration was downloaded successfully. 219/2015 1:49:47 PM
[} Routing configuration was loaded successfully. 211912015 1:49:47 PM
Q CPU1516F started. 219/2015 1:50:05 PM
o ‘Main' was leaded successfully. 219/2015 1:49:46 PM IEI PM 1901
[i] Scanning for devices completed for interface Intel(R) Ethernet Connection 1217-LM 211912015 1:47:09 PM
Loading completed (errors: 0; wamings: 0). 2M19/2015 1:50:06 PM +| Adia o
icle no.:
il ¥ < il b
IEE-,, CPU1S16F
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6.12 Download the hardware configuration to the PLCSIM simulation

(optional)

— If no hardware is present, the hardware configuration can alternatively be downloaded to a

PLC simulation (S7TPLCSIM).
— To do so, you must first start the simulation by selecting the — "CPU_1516F [CPU1516F-3

PN/DP]" folder and clicking the — "Start simulation" icon.

T4 Siemens - D:\Automation\012_101_CPU1516R012_101_CPU1516F

Project Edit View Insert Online Options Tools Window Help itaily Iefeoestad Arifomation
GF (Y saveprojec: B X Ty X D 5 MG [ & Goonline ¥ Gooffline  fo [M I8 3¢ — (1} PORTAL
Project tree I | ; : ; : L
~ Start simulation -
Devices | |& Topology view _[[gﬂ_-q_ﬂnle_twmk view [[¥ Device view || Options ~ |em
50 O (] 2 | d | [crusier EIEEECECT = | g
- & |‘_‘" v ‘ Catalog — g
~ ] 012_101_CPUIS16F ~ & a
B Add new device [l L] | ; | ey | ] 2
5 Devices & networks EIF”.“" g
~ [ CPU_1516F [CPUT516F-3 PN/DP] e » I_' P a
HY Device configuration il in r(m s ]
%/ Online & disgnostics - s # 7 e » [m cPu ]
» g Program blocks rmo ?
» L3 Technclogy objects »moa 5
» & External source files . » [ DIiDQ :
» L@ FLCtags v A s
» (g PLC data types » [ AQ "
» 3 Watch and force tables » L Aiiag -
» i Online backups » [l Communications modules '.g
b (5 Traces » [l Technolagy modules ]
8 Program info » [ Interface modules 3
» i Device proxydata L
E4 PLCalarms L
&) Textlists 5
» (@ Local modules E
» (4 Common data + | Information 2
» \E] Documentation settings = R s |: Device: ~
» [ Lo g < [>] [Fiteo screen [+] —o— E_ FI—-
> | Details view |B Properties ||"y'. Info &) || | Diagnostics | < T B
4 Portal view =2 Overview |512, CPU_1516F

— The prompt that all other online interfaces will be disabled is confirmed with — "OK".

I Starting simulation will disable all other
= online interfaces.
[ Do not shoaw this message again
| ok || cancel
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— The "S7 PLCSIM" software is started in a separate window in the compact view.

RE CWUsersispelDoc... W _ O X
F:3 H
PLC_1 [5IM-1500]

wnistor

ERRCR STOF
MAINT MRES

:
IP-Adresse:

e )

1 £ O

— The manager for configuring the connection properties (extended download) opens shortly

thereafter.

Extended download to device

Configured access

Device
CPU_1516F

Compatible device

Device

Flash LED

Online status information:

[ Display onlyerror messages

nodes of "CPU_1516F"

Device type Slot Type Address Subnet
CPU1516F3 PNL.. 1X3 PROFIBUS 2

CPU1S16F-3PNL. 1X1 PNIE 192.168.0.1 PNAE_1
CPU1516F-3 PNI. 132 PNIIE 192.168.1.1

Type o the FGRCintersce:

aciciiee: | BIC] Ik
Connection to interfaceisubnet: | - @
: | -] ©
5 in target subnet: Show el comp ces
Device upe Type Address Target device
[ Load ” Cancel
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— First, the interface must be correctly selected. This happens in three steps.

— Type of the PG/PC interface — PN/IE

Extended download to device

Configured access nodes of "CPU_1516F"

Device Device type Slot Type Address Subnet
CPU_1516F CPU 1516F-3 PNl... 1X3 FROFIEUS 2
CPU 1516F-3 PNL.. 1X1 PNIE 192.168.0.1 PNIIE_1
CPU 1516F-3 PNI.. 1X2 PNIE 192.168.1.1

Type of the PGIPC interface: B FNIIE

PGIPC interface:  Flease select... (58~ IE]
S ) ®
Connection to inten subnet
I 1an INLE LGnE LPROF|BUS
istgateway | '|v]©
— PG/PC interface —» PLCSIM S7-1200/S7-1500
Extended download to device X
Configured access nodes of "CPU_1516F
Device Device type slot Type Address Subnet
CPU_1516F CPU1516F3PNI. 1X3 FROFIBUS 2
CPU1516F3 PN 1X1 PMIIE 19216801 PHIIE_1
CPU1516F3PNI.. 1 X2 PNIIE 19216811
Type of the PGIFCinterface:  |[B_PNIE [~]
FGIFCinterface:  [Fl PLCSIM 57-1200/57-1500 e R
Connection to interfacelsubnet:  Pleaseselect.. ©
il PLCSIM ®
W PLCSIM S57-1200/57-1500
— Connection to interface/subnet — "PN/IE_1"
Extended download to device Pa
Configured access nodes of "CPU_1516F"
Device Device type slat Type Address Subnet
CPU_1516F CPU 1516F-3 PNl... 1X3 FROFIBEUS 2
CPU1S16F-3PNI.. 1 X1 FMIIE 192.168.0.1 PNIE_1
CPU1516F-3PNI.. 1X2 FHIIE 192.168.1.1
Type ofthe PGIPC interface: |_LPN“E |'1
PGIPCinterface: Rl PLCSIM 57-1200/57-1500 I~ @’E
Connection to interface/subnet: | PMIIE_1 v! @
1ct gateway Please select...
SHA3RSHEY Direct at slot’1 X1’ ©
Direct atslot’1 X2'
Compatible devices in target subnet: Tryall interfaces
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— The — "Show all compatible devices" check box must be selected. The search for devices in
the network is started by clicking the — button.

Extended download to device

X
Configured access nodes of "CPU_1516F
Device Device type slot T_;,rpe :Address Subnet
CPU_1516F CPU 1516F-3 PNI.. 1X3 FROFIBUS 2
CPU 1516F-3 PNl 1X1 FIIIE 192.168.01 PNAE_1
CPU 1516F-3 PNL.. 1X2 PMIIE 192.168.1.1
Type ofthe PGIFCinterface: [ PHIE [~
PGIPCinterface: [l FLCSIN 57-1200/57-1500 FeEE
Connection to interfacefsubnet: | PMIIE_1 |V1 @
istgoteway. | [~] ®©
Compatible devices in target subnet: E?S_h‘_"!"_ﬂ“ compatible devices
| Device | Device type Type | Address . Target device
- - FHIIE Access address =
Flash LED
Startsearch [_
Online status information:
[] Display only error messages
Load ] ] Cancel 1
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— If the simulation is shown in the "Compatible devices in target subnet" list, it must be

selected before the download can be started. (— "CPU-1500 Simulation" — "Load")

Extended downl

Configured access nodes of "CPU_1516F"

Device Device type Slot Type Address Subnet
CPU_1516F CPU 1516F-3 PNI.. 1X3 PROFIBUS 2
CPUTS16F-3PNIL.. TX1 PMIIE 192.168.0.1 PNIIE_1
CPU 1516F-3 PNI... 1X2 PMIIE 192.168.1.1
Type of the PGIFC interface:  [§_PNilE [*]
PGIPCinterface: | PLCSIM 57-1200/57-1500 [~ @ &[3
Connection to interfacelsubnet: | PNIE_1 [+] @
| -] @
Compatible devices in target subnet: [ Show all compatible devices
Device Device type Type Address Target device
CPUcommen CPU-1500 Simula... PNIE 192.168.0.1 CFUcomman
- - PMIIE Access address -

["|Flash LED

Startsearch

Online status information:

€ scan completed. 1 compatible devices of 1 accessible devices found.
37 Retrieving device information...

Ed Scanand informati ieval completed.

[} Display ontyerror messages

|-
izl
—i

L=}

I
| =

[ Load | | Cancel ] |

— You first obtain a preview. Confirm the prompt — "Overwrite all" and continue with — "Load".

Load preview 4

e Check before loading
Status |1 Target hessage Action
4 @ - cru_isteF Readyfor loading.
(] Simulated module  The download will be performed to a simulated PLC.
0 » Software Download software to device Consistent download
(] Text libraries Download all alarm texts and text list texts Conzistent download
[ ] i [2]
[ hetesh |
| Fimish ! Load ! cancel |

Note: The @ symbol should be visible in every line of the "Load preview". You can find
additional information in the "Message" column.
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— The — "Start all" option will be selected next before the download operation can be

completed with — "Finish".

Load results X

9 Status and actions after downloading to device
Status | ! Target Message Action
W & v cruisier Downloading to device completed without error.
1 » Startmodules Start modules after downloading to device. [ startall
r Finish 1! Load I cancel ]

— After a successful download, the project view will open again automatically. A loading report

appears in the information field under "General". This can be helpful when troubleshooting

an unsuccessful download.

U4 Siemens - D:\Automation\012_101_CPU1516F012_101_CPU1516F

Project Edit View Insert Onfine Options Took Window Help T atally irtegated Atomation

G 3 e @ X 8 E X D : HEEHER F coenine F cooine fpME X S |

Project tree m 4
! Devices | J';"" Topology view U;ﬁ, Network view HEI‘ Device view | Options (=]
S ~— e ——re i x
00 d¢ [cPu_ister B =gl P o= RO R = =
o = = - 2
.9““' ) .V-CE ,.’1*} [~ ~ | Catalog H
T =l - & = H
] 012_101_CPUIS16F -] & & & & = [6€s7 521-1BLO0-0AB0 iy | it ]|
I Add new device g S 11
v v v Filter o
= s
0 1 2 5B PE e ' i =
[IY Device configuration aka | rmrs I
%! Online & disgnostics = ] > mcru )
R = g » DI
» gl Frogram blocks = 1 - g
» [ Technology objects +moQ o
» &5} External source files » LW DIDQ ;
b g PLC tags Al s
v [ PLC data types »me
» [2 Watch and force tables L [+ » L AUAQ =
v [ig) Online backups <] m []foox  [f] —— @ : :c“m““‘“"“:rm"“‘“ ’3
b [ Traces . - . L ay MatiLes B
e Properties (1 | Diagnostics i
5 Frogram info {dproperties  [finfo [ Diagnostics | » [ Interface modules ES
v [ Device proxydata J General H Cross-references || Compile | —
54 ACalams [63][ 2] @] show ail messages I~ -
&) Text lists i E:
» [l Local modules —— =7 = g
» (4 Common data ry = - ° ~ | Information 3
e onnection configuration was downloaded successiully. 311012015 : =
» [ Documentation settings Device: bad
= i) Routing configuration was loaded successfully: 31102015 |
» [ig Languages & resources =
—Lonhd i (] CPU_1516F started. 311012015 =
- i ) Wain' was loaded successhully. 31102015
SR R i /57-1500 [PNIIE]. Found 1 devi 311012015
v | Details view i) Scanning for devices completed for interfsce PLCSIMS7-1200157-1500 [PHIE]. Found 1 devi...
&  Loading completed (errors: 0; wamnings: 0). 31102015
|
<] [ < ] | E

4 Portal view 3 Overview | cpu_isisr
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— The PLCSIM simulation has the following appearance in the project view. You can switch to

the compact view of the simulation by clicking the — ®x' icon in the menu bar.

RE Siemens - C:Wsers\spe\Documents\Simulation\Project1\Projectl

Project Edit Execute Options Tools Window Help Totally Integrated Automation
ts (3l saveprojecr X 1z u x AP R || @ B Il Paddress: S$7-PLCSIM V13

¥ ] Project1
= [ CPU_1516F [CPUT516F-3 PN.. -
Y pevice configuration |
» [ siMables |
» [g Sequences

<<

' Connected to CPU_1516F, address IP=1._.

— The compact view of the PLCSIM simulation has the following appearance. You can switch

back to the project view by clicking the — & icon.

PLC Project

Gie (3 © -

CPU_1516F [CPU 1516F-3 PN/DP]
W RUNSTOP | RUN
ERROR STOP

MAINT MRES

| Sequence_1 = 1 |_-| 1w

IP-Adresse:
192.168.0.1 =
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— You can see the downloaded configuration in the project view by double-clicking — "Device
configuration".

AL Siemens - C:\Usersispe\Documents\Simulation\Project1\Project1

Project Edit Execute Options Tools Window Help Totally Integrated Automation
s (W B saveproject X iz Ca X MR M | ] @ M M0 reddress: 19216804 S7-PLCSIM V13
=] Addresses
[~ Name
¥ ] Projecti E
~ (g CPU_1516F [CPU1ST6F3PNL. [d =
m‘ Device i i
» [ SiMables
L] l&saquences
|
v
v
<] m [> ] <] [>] [100% ] —3— @@ [<[m] " T>
i CPU_TS16F

Note: Because this is a simulation, you cannot detect errors in the hardware configuration in
this case.
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6.13 Archive the project

— To archive the project, select the — "Archive ..." command in the — "Project" menu.

T8 Siemens - D:\AutomationV012_101_CPU1516R012_1 01_(_'F‘ U1516F

| Project |Edit View Insert Online Options Teols Wndow Help

Totally Integrated Automation

[3f New.. |) sz F MW B F coonline (¥ cooffiine ﬂ‘ﬂ? @ m ae 1] PORTAL
i 3 Open... Q0 =
Migrate project... n g
Close Curl+w | |§ Topology view ",ﬁ Network view "T]T Device view L\E,L“_I
H save s B | g+ [cru_1s16F B s @ EsfCE 3 s
Save as... Cul+shiftss & " & i E-
e b & Y El
Delete project... Crl+E |4 $§ (‘?)I O") d} =
T | 2
Retrieve . 5_'
: ]
5 Card ReaderiUsE memaory » 0 1 2 3 4 5 (3 7 bl
W emory card file » Rail 0 = |
: . v
(=]
D:\Automation!012_10..1012_101_CPU1516F 2
D:vorlagenprojekt_Webserv.. \Tank_V13_5P1 H
D:\..1032-200_F8-Programmierung_57-314 "g'
D:\Automatisi...l012-100_CPU1500_V13_SP1 = @
Exit =
» Lig Online backups i
» [ Traces 'i
54 Program info a
» [l Device proxydata |
A PLCalarms L
E] Temtlists E
] ',u Local modules g.
» [l common data 2
3 rf_}] Documentation settings Il ( |" ﬁ\ [)\ [100% I’q s
|g. Properties ||"_l.. Info ” %l Diagnostics [

E Overview IEEE CPU_1516F v Loading completed (errors: O; warnings...

4 Portal view

— Confirm the prompt to save the project with — "Yes".

Archive project (0104:000006)

l Save project?

The last saved project will be archived. Do you want to save the project
before archiving to back up the current changes?

Loyesood]  No |

— Select a folder where you want to archive your project and save it as file type "TIA Portal
project archive". (— "TIA Portal project archive" — "SCE_EN_012-101_Hardware
configuration_S7-1516F..." — "Save")
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6.14 Checklist

No. | Description Completed

1 Project was created

Slot 0: Power module with correct order number

Slot 1: CPU with correct order number

Slot 1: CPU with correct firmware version

Slot 2: Digital input module with correct order number

Slot 2: Digital input module with correct firmware version

Slot 2: Address area of the digital input module is correct

Slot 3: Digital output module with correct order number

© 0 |N [O | Oo b~ W DN

Slot 3: Digital output module with correct firmware version

-
o

Slot 3: Address area of the digital output module is correct

—_
—_—

Hardware configuration was compiled without error message

12 Hardware configuration was downloaded without error message

13 | Project was successfully archived
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7 EXxercise

7.1 Task — Exercise

The hardware configuration of the SIMATIC CPU 1516F-3 PN/DP Trainer Package is not quite
complete. Insert the lacking modules. In so doing, select slot 4 for the analog input module and slot 5

for the analog output module. Use the address area starting from 64 for the analog modules.

— 11X SIMATIC S7-1500, ANALOG INPUT MODULE Al 8 X U/I/IRTD/TC, 16BIT
RESOLUTION 8 CHANNELS IN GROUPS OF 8 (order number: 6ES7531-7KF00-0ABO)

— 11X SIMATIC S7-1500, ANALOG OUTPUT MODULE AQ 4 X U/l ST, 16BIT
RESOLUTION, 4 CHANNELS IN GROUPS OF 4 (order number: 6ES7532-5HD00-0ABO)

7.2 Planning

Plan the implementation of the task on your own.
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7.3 Checklist — Exercise

No. | Description Completed

1 Slot 4: Analog input module with correct order number

Slot 4: Analog input module with correct firmware version

Slot 4: Address area of the analog input module is correct

Slot 5: Analog input module with correct order number

Slot 5: Analog output module with correct firmware version

Slot 5: Address area of the analog output module is correct

Hardware configuration was compiled without error message

Hardware configuration was downloaded without error message

© |00 |N [O | Oo b~ W DN

Project was successfully archived
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8 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial

software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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Notes
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siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce
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The SCE training curriculum for the integrated automation solution Totally Integrated Automation (TIA)
was prepared for the program "Siemens Automation Cooperates with Education (SCE)" specifically for
training purposes for public educational and R&D institutions. Siemens AG does not guarantee the
contents.

This document is to be used only for initial training on Siemens products/systems. This means it can
be copied in whole or part and provided to those being trained for use within the scope of their
training. Circulation or copying this training curriculum and sharing its content are permitted within
public training and advanced training facilities for training purposes.

Exceptions require written consent from the Siemens AG representative: Roland Scheuerer
roland.scheuerer@siemens.com.

Offenders will be held liable. All rights including translation are reserved, particularly if a patent is
granted or a utility model or design is registered.

Use for industrial customer courses is expressly prohibited. We do not consent to commercial use of
the training curriculums.

We wish to thank the TU Dresden, especially Prof. Dr.-Ing. Leon Urbas and Dipl.-Ing. Annett Pfeffer,
the Michael Dziallas Engineering Corporation and all other involved persons for their support during
the preparation of this training curriculum.
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SPECIFIED HARDWARE CONFIGURATION —
SIMATIC §7-1512C-1 PN

1 Goal

In this chapter, you will first learn how to create a project. You are then shown how the hardware

is configured.

2 Prerequisite

You do not need any previous knowledge from other chapters to successfully complete this chapter.

3 Theory

3.1 SIMATIC S7-1500 automation system

The SIMATIC S7-1500 automation system is a modular controller system for the middle to upper
performance range. A comprehensive range of modules is available to optimally adapt the system to

the automation task.

SIMATIC S7-1500 is the next generation of the SIMATIC S7-300 and S7-400 automation systems with

the following new performance features.

— Increased system performance

— Integrated motion control functionality

— PROFINET IO IRT

— Integrated display for machine-level operation and diagnostics

— STEP 7 language innovations while maintaining proven functions
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The S7-1500 controller consists of a power supply (1), a CPU with integrated display (2) and, in the
case of compact CPUs, integrated inputs and outputs. In addition, there are input and output
modules for digital and analog signals (3). If necessary, communication processors and function
modules are also used for special tasks such as PROFIBUS communication or stepper motor
control. The up to 32 modules are mounted on a mounting rail with integrated DIN rail profile (4).

rrTeE

;|
3
|
d
o
i

The programmable logic controller (PLC) uses the S7 program to monitor and control a machine or
process. In doing so, the S7 program scans the 1/0 modules via input addresses (%l) and addresses

their output addresses (%Q).

The system is programmed with the STEP 7 Professional V13 software.
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3.1.1 Range of modules

The SIMATIC S7-1500 is a modular automation system and offers the following range of modules:
Central processing units (CPUs) with integrated display

The CPUs have different performance capability and execute the user program. In addition, the other
modules are supplied power via the backplane bus with the integrated system power supply.

Additional properties and functions of the CPU:
» Communication via Ethernet

« Communication via PROFIBUS/PROFINET

* HMI communication for HMI devices

* Web server

* Integrated technology functions (e.g. PID controller, motion control, etc.)
» System diagnostics

* Integrated security (e.g. know-how, copy, access, integrity protection)

* Integrated digital and analog inputs and outputs (for compact CPUs)
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System power supply modules (PS) (rated input voltages 24 V DC to 230 V AC/DC)
with connection to the backplane bus supply the configured modules with the internal supply voltage.

non

=00
Load current supply modules (PM) (rated input voltages 120/230 V AC)

do not have a connection to the backplane bus of the S7-1500 automation system. The load current
supply is used to supply 24 V DC to the system power supply of the CPU, the input and output
circuits of 1/0 modules and the sensors and actuators.

ooo
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1/0 modules

for digital input (D) / digital output (DQ) / analog input (Al) / analog output (AQ)

tegodei
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Technology modules (TM)

as incremental encoders and pulse encoders with/without direction signal.

1]
Communication modules (CM)

for serial communication RS232 / RS422 / RS485, PROFIBUS and PROFINET.
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SIMATIC memory card

up to a maximum of 32 GB for storing program data and for easy replacement of CPUs during
maintenance.

MEMORY CARD
¥ SMC O8ea123cndq
24MB SC-B8 Eot

3.1.2 Example configuration

The following configuration of an S7-1500 automation system will be used for the program example

in this curriculum.

SIEMENS

T ©

1
[ |

Y %E...
"
"
() %E...
"
"
1
%A |
2 LY.
.
n

®

Load current supply module PM 1507 with input 120/230 V AC, 50 Hz / 60 Hz, 190 W and
output24 VDC/8A

Central module compact CPU 1512C-1 PN with integrated PROFINET interfaces

®@ ®

Communications processor CP 1542-5 for connection to PROFIBUS DP
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3.2 Operator control and display elements of the CPU 1512C-1 PN

The figure below shows the operator control and display elements of a CPU 1512C-1 PN.

The arrangement and number of elements differ from this figure for other CPUs.

3.2.1 Front view of the CPU 1512C-1 PN with integrated display

o

L]
L]
1
1
1
L]
i
i
L
L]
i
i
]
a
L]
1
i
[}
1
L

LED displays for the current operating mode and diagnostic status of the CPU
Status and error displays RUN/ERROR of the analog on-board 1/0
Status and error displays RUN/ERROR of the digital on-board 1/0

Control keys

®© ® ©@ 0 6

Display
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3.2.2 Status and error displays

The CPU comes with the following LED displays:

N

RUN/STOP LED (yellow/green LED)

ERROR LED (red LED)

MAINT LED (yellow LED)

LINK RX/TX LED for port X1 P1 (yellow/green LED)
LINK RX/TX LED for port X1 P2 (yellow/green LED)

©®e 006
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3.2.3 Operator control and connection elements of the CPU 1512C-1 PN behind
the hinged front cover

©@ ©O0O®OO®O®O0O O

"
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[ ]
[ ]

LED displays for the current operating mode and diagnostic status of the CPU
Status and error displays RUN/ERROR of the analog on-board 1/0

Status and error displays RUN/ERROR of the digital on-board I/O

Fastening screw

Connection for supply voltage

PROFINET interface (X1) with 2 ports (X1 P1 and X1 P2)

MAC address

LED displays for the 2 ports (X1 P1 and X1 P2) of the PROFINET interface X1
Mode switch

Slot for the SIMATIC memory card

Display connection

Note: The hinged front cover with the display can be removed and inserted during operation.
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3.2.4 SIMATIC memory card

A SIMATIC Micro Memory Card is used as the memory module for the CPUs. This is a preformatted
memory card that is compatible with the Windows file system. It is available with various storage

capacities and can be used for the following purposes:

— Transportable data storage medium

— Program card

— Firmware update card
The MMC must be inserted to operate the CPU as the CPUs have no integrated load memory. A
commercially available SD card reader is needed to write/read the SIMATIC memory card with the
programming device or PC. This allows files to be copied directly to the SIMATIC memory card using

Windows Explorer, for example.

Note: It is recommended that the SIMATIC memory card only be removed or inserted when
the CPU is in the POWER OFF state.
3.2.5 Mode switch

The mode switch allows you to set the operating mode of the CPU.
The mode switch is designed as a toggle switch with 3 switch positions.

Position Meaning Explanation

RUN RUN mode The CPU is executing the user program.
STOP STOP mode The CPU is not executing the user program.
MRES Memory reset Position for CPU memory reset.

You can also use the button on the CPU operator panel of the STEP 7 Professional V13 software in
Online & Diagnostics to switch the operating mode (STOP or RUN).

The operator panel also contains an MRES button for performing a memory reset and displays the
status LEDs of the CPU.

v | CPU operator panel

CPU_1512C [CPU 1512C-1 PN]
Il RUNISTOP RUN

ERROR STOP
MAINT MRES

Mode selector: RUN
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3.2.6 Display of the CPU

The S7-1500 CPU has a hinged front cover with a display and control keys. Control data and status
data can be displayed in various menus on the display and numerous settings can be made. You
use the control keys to navigate through the menus.

The display of the CPU offers the following functions:

e 6 different display languages can be selected.

e Diagnostic messages are displayed in plain text.

e The interface settings can be changed locally.

e Password assignment for display operation is possible through the TIA Portal.

View of the display of an S7-1500:

0%0

00

Overview

CPU status information

Submenu name

Information display field

Navigation aid, e.g. OK/ESC or the page number

® 000

Control keys of the display

e Four arrow keys: "up”, "down", "left", "right"
e An ESC key
e An OK key
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Functions of the "OK" and "ESC" keys

— For menu commands in which an input can be made:

— OK — valid access to the menu command, confirmation of input and exit from editing
mode

— ESC — restoration of original content (which means changes are not saved) and exit from
editing mode

— For menu commands in which no input can be made:

— OK — to next submenu command

— ESC — back to previous menu command

Available submenus of the display:

Main menu Meaning Explanation
commands
® Overview The "Overview" menu contains information about the
[ | properties of the CPU.
Diagnostics The "Diagnostics" menu contains information about
4 diagnostic messages, the diagnostic description and the

indication of interrupts. There is also information about the
network properties of each interface of the CPU.

Settings In the "Settings" menu, IP addresses of the CPU are

\ assigned, the date, time of day, time zones, operating
modes (RUN/STOP) and protection levels are set, a
memory reset and reset to factory settings of the CPU can
be performed and the status of firmware updates is
displayed.

Modules The "Modules" menu contains information about the

i modules that are used in your configuration. The modules
can be used as central or distributed modules.

Distributed modules are connected to the CPU via
PROFINET and/or PROFIBUS.

You have the option here to set the IP addresses for a CP.

Display In the "Display" menu, settings are made for all aspects of
ﬂ the display, such as the language setting, brightness setting
and Energy-saving mode. (Energy-saving mode darkens the
display. Standby mode switches off the display.)

16 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.3 Memory areas of the CPU 1512C-1 PN and the SIMATIC memory

card

The following figure shows the memory areas of the CPU and the load memory on the SIMATIC
memory card.

In addition to the load memory, other data can be loaded onto the SIMATIC memory card using
Windows Explorer. This includes recipes, data logs, project backups and additional documentation
for the program.

Code work memory
+ Code blocks (FC, FB, OB)
I

Load memory
(on SIMATIC memory card)

Data work memory:
++ Global data blocks
™+ Instance data blocks
** Technology objects

[

e Code blocks (FC, FB, OB)
o Data blocks (DB)

e Hardware configuration

e Technology objects

Retentive memory
Parts of:
Global data blocks
Instance data blocks
Technology objects
Bit memory, timers, counters
15

.
te o
.
|

: Additional memory areas

be Bit memory, timers and counters
* Temporary local data
* Process images (I/O)

=

Load memory

Load memory is non-volatile memory for code blocks, data blocks, technology objects and the
hardware configuration. When these objects are downloaded to the CPU, they are first stored in the
load memory. This memory is located on the SIMATIC memory card.

Work memory

Work memory is volatile memory that contains the code and data blocks. The work memory is
integrated into the CPU and cannot be expanded. In S7-1500 CPUs, the work memory is divided into
two areas:

— Code work memory:

— The code work memory contains runtime-relevant parts of the program code.

— Data work memory:

— The data work memory contains the runtime-relevant parts of the data blocks and
technology objects.
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At the operating mode transitions from POWER ON to startup and from STOP to startup, tags of
global data blocks, instance data blocks and technology objects are initialized with their start values.
Retentive tags retain their actual values that were saved in the retentive memory.

Retentive memory

Retentive memory is non-volatile memory for saving certain data in the event of power failure. The
tags and operand areas that have been defined as retentive are saved in the retentive memory. This
data is retained beyond power-off or power failure.

All other program tags are set to their start values at the operating mode transitions from POWER
ON to startup and from STOP to startup.

The content of retentive memory is deleted by the following actions:
e Memory reset
e Reset to factory settings

Note: Certain tags of technology objects are also stored in the retentive memory. These tags

are not deleted by a memory reset.

3.4 STEP 7 Professional V13 (TIA Portal V13) programming software

STEP 7 Professional V13 (TIA Portal V13) software is the programming tool for the following
automation systems:

- SIMATIC S7-1500
- SIMATIC S7-1200
- SIMATIC S7-300
- SIMATIC S7-400
- SIMATIC WinAC

STEP 7 Professional V13 provides the following functions for plant automation:
- Configuration and parameter assignment of the hardware

- Specification of the communication

- Programming

- Testing, commissioning and servicing with operational/diagnostic functions

- Documentation

- Creation of visualizations for SIMATIC Basic Panels using the integrated WinCC Basic software

- Visualization solutions for PCs and other panels can also be created with other WinCC software
packages

Support is provided for all functions through detailed online help.
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3.4.1 Project

To implement a solution for an automation and visualization task, you create a project in the TIA
Portal. A project in the TIA Portal contains the configuration data for the configuration and networking

of devices as well as the programs and the configuration of the visualization.

3.4.2 Hardware configuration

The hardware configuration includes the configuration of the devices, consisting of the hardware of the
automation systems, the intelligent field devices and the hardware for visualization. The configuration

of the networks specifies the communication between the various hardware components. The

individual hardware components are inserted in the hardware configuration from catalogs.

The hardware of automation systems comprises controllers (CPUs), signal modules for input and
output signals (SMs) and communication and interface modules (CP, IM). Other power supply and

current supply modules (PS, PM) are also available to supply the modules.

The signal modules and intelligent field devices connect the input and output data of the process to be

automated and visualized to the automation system.

I
Ll
i

Visualization |

Centralized structure

Decentralized structure

ITT 111 IITTT]T LITIN]

Actuators/sensors

Figure 1: Example of hardware configuration with centralized and decentralized structures

The hardware configuration enables the downloading of automation and visualization solutions to the

automation system and access to the connected signal modules by the controller.
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3.4.3 Centralized and decentralized automation structure
Figure 1 shows an automation structure that contains both centralized and decentralized structures.

In centralized structures, the input and output signals of the process are transmitted by way of
conventional wiring to the signal modules, which are connected directly to the controller. Conventional

wiring refers to the connection of sensors and actuators using 2-wire or 4-wire cables.

The decentralized structure is the predominant structure used today. Here, the sensors and actuators
are wired conventionally only as far as the signal modules of the field devices. The signal transmission

from the field devices to the controller is implemented using an industrial communication system.

Both classic fieldbuses such as PROFIBUS, Modbus and Foundation Fieldbus as well as Ethernet-
based communication systems such as PROFINET can be used as the industrial communication

system.

In addition, intelligent field devices in which stand-alone programs run can also be connected via the

communication system. These programs can also be created with the TIA Portal.

3.4.4 Planning the hardware

Before you can configure the hardware, you must plan it (hardware planning). In general, you begin by
selecting which controllers are needed and how many. Next you select the communication modules
and signal modules. The selection of signal modules is based on the number and type of inputs and
outputs needed. As the final step, a power supply that ensures that the necessary power is supplied

must be selected for each controller or field device.

The functionality required and the ambient conditions are of vital importance for planning the hardware
configuration. For example, the temperature range in the application area sometimes limits the

devices available for selection. Fail-safe operation might be another requirement, for example.

The TIA Selection Tool (Select automation technology — TIA Selection Tool and follow the

instructions) provides you support.

Note: TIA Selection Tool requires Java.

Note for online research: If more than one manual is available, you should look for the
description "Device Manual”, "Product Manual" or simply "Manual" (as opposed to "Function

Manual”, "List Manual”, "System Manual", etc.) in order to find the device specifications.
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3.4.5 TIA Portal — Project view and portal view

The TIA Portal has two important views. When started, the portal view appears by default. This view

makes getting started easier, especially for beginning users.

The portal view provides a task-oriented view of the tools for working on the project. Here, you can
quickly decide what you want to do and open the tool for the task at hand. If necessary, a change to

the project view takes place automatically for the selected task.

Figure 2 shows the portal view. At the bottom left, there is an option to switch between this view and
the project view.

T Siemens - D:00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C —Oox

Totally Integrated Automation

First steps

N - - . Project:"012_105_CPU1512C" was opened successfully. Please select the next step:
Open existing project

Create new project
proj |§\
) Migrate project
Close project
n ) Configure a device
) Welcome Tour ,

Q&ﬁ Write PLC program
First steps

Configure
technology objects

b Installed software i &< Parameterize drive
gt ] Configure an HMI
I - screen

User interface language

Open the project view

» Project view Opened project: DA00_TIA_Portal\012_105_CPU1512€1012_105_CPU1512C

Figure 2: Portal view

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 21
SCE_EN_012-105 Hardware Configuration S7-1512C_R1602.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-101, Edition 02/2016 | Digital Factory, DF FA

The project view, as shown in Figure 3, is used for hardware configuration, programming, creation of

the visualization and many other tasks.

By default, the project view displays the menu bar with the toolbars at the top, the project tree with all

components of a project on the left and the so-called task cards with instructions and libraries, for

example, on the right.

If an element (for example, the device configuration) is selected in the project tree, it is displayed in

the center and can be worked on there.

T4 Siemens - D:\00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

Project Edit View Insert Online Options
Cf [ soveproject 5 ¥ 2 5 X 9 (¥

Window Help

Devices

QO

~ ]012_105_CPU1512C
ﬁ"Add new device
sy Devices & networks

'r\-_ﬂ CPU_1512C[CPU 1512C1 PN]

[IT Device configuration
%] online & diagnostics
ij‘fParamElers
=i Program blocks
[} Technology objects
External source files
3 PLC tags
[ PLC data types
%) Watch and force tables
(& online backups
2 Traces
B8 program info
[ Device proxy data
2 PLC alarms
E] Textlists
» [ Local modules
» ;i Common data
Em Documentation settings
3 % Languages & resources
» [ Online access

hd | Details view

4 Portal view

S G 3 & Goonline ¥ Gooffine f> [ I8 3¢ - [1] RTAL
012_105_CPU1512C *» CPU_1512C [CPU 1512C-1 PN]
[ Topology view | Network view ‘mf Device view || Options [GE]
> [ g EIEIPERE = =k
2
] v | catalog H
L B
[ Filter g
» [ PM S
I
- v >Ii|PS -
| » Lig CPU ]
5 0 2 4 5 6 7 " » [@ Dl o
Rail_0 u » [@oQ B
| » [ DIDQ R
» [m Al =
» [ AQ e
» [ AllAQ =
= » [ Communications modules =3
» [ Technology modules 5
» [[§ Interface modules r
-
(<] w 100% v —9— @ (i}
=
[ Properties |7}Info | %) Diagnostics | g
J General H 10 tags H System constants H Texts | é‘
» General .
B8 PROFINET interface (1] PROFINET interface [X1] =
General
3 Ethemet addresses ezl
Time synchronization
Operating mode Name: |FROFINET interface_1
}» Advanced options Author: ‘M\[hag\ Daallas
Web server access 5
e > | Information

Figure 3: Project view
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012_105_CPU1512C created.
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3.4.6 Basic settings for the TIA Portal

%

important settings are shown here.

In the project view, select the —"Options" menu and then — "Settings".

Users can specify their own default settings for certain settings in the TIA Portal. A few

Project Edit View Insert Online | Opticns }Toals

Window Help

Cf (Y seveproject S| X " EEr N |- ¥ o offine | fp [ B

Project tree

J Devices |
BN

Support packages

Manage general station description files (GSD)
Start Automation License Manager

%] show reference text

s L [
Vil s LL Global libraries

» 59 Card Reader/USE memory

Totally Integrated Automation
PORTAL

Options

v |Find and replace

[>
salelqn E‘ﬂ syse) @nl

> | Details view

9 Properties E'_i;lnfo i}ﬂi.j Diagnostics

4 Portal view
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— One basic setting is the selection of the user interface language and the language for the

program display. In the curriculums to follow, "English" will be used for both settings.

— Under — "General" in "Settings", select "User interface language — English" and "Mnemonic

— International”.

T4 Siemens

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
CF R saveprojecr &0 XM 13 Ta X (e 2 5 B R coonline (F Gooffine | o M IB | L3 PORTAL
|
%
-
=1
- ‘ [=]%
General Eerm) B
Software updates General settings I'.J:l
Scriptitext editors §-
Print settings User name: |spe g.
: | ]
b bispdeure condglion | User interface language: | English 2 i
» PLC programming | B — -
STEP 7 Safety ‘ Mnemonic: | international W
L sim‘uluion‘ i | Show list of recentlyused
» Online & diagnostics : projects: |ah§ elements
hiE St 1 ["] Load most recent project during startup
» Visualimtion |
Keyboard shortcuts ‘ Tooltips: [¥ Show truncated texts completely
: [¥] Show tooltips (contextsensitive help is available)
‘ Open cascade automatically in tooltips
I
Note: These settings can always be changed.
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3.4.7 Setting the IP address on the programming device

To program SIMATIC S7-1500 from the PC, the programming device or a laptop, you need a TCP/IP
connection or an optional PROFIBUS connection.

For the PC and SIMATIC S7-1500 to communicate with each other via TCP/IP, it is important that
the IP addresses of both devices match.

First, we show you how to set the IP address of a computer with the Windows 7 operating system.

— Locate the network icon in the taskbar at the bottom m and click — "Open Network and
Sharing Center".

Not connected b
dﬂ-l.] Connections are available
reie e ork Connection ~
-t
I Open Network and ‘5.".‘:.'-..".5'. Center I
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— In the open Network and Sharing Center window, click — "Change adapter settings".

:‘: v Control Panel » All Control Panel Items » MNetwork

S

Contrel Panel Home . .
View your basic network

Change adapter cettings |
Ay
Changé_dvanced sharing
settings )
(This computer)

View your active networks

Metwork
['_' Home network

-8

— Select the desired — "Local Area Connection" that you want to use to connect to the

controller and click — "Properties".

@Qv|@ b Control Panel » Metwork am

Organize « Disable this network device

"-. Local Area Connection
k{j Metwork
= Intel(R) 82578DC Gigabit Network...

® Disable |

Status

Diagnose
'@' Eridge Connections

Create Shortcut
Delete

'@' Rename

P rti
'@' roperties .
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— Next, select —» "Properties” for — "Internet Protocol Version 4 (TCP/IP)".

L ™
[ Local Area Connection Properties u

Metworking | Sharing

Connect using:
'-:." Intel(R) 825780C Gigabit Metwor Connection

Thig connection uses the following tems:

T Client for Microsoft Networks

g\-"h‘lware Bridge Protocol

4= 005 Packet Scheduler

.Q File and Printer Sharing for Microsoft Networks

i |ntemet Protocal Version & (TCP/1PvE)

g et Protocol Version 4 (TCP/IPvé)

& Link-Layer Topology Discovery Mapper 170 Driver
& Link-Layer Topology Discovery Responder

Install... Uninstall

Description h

Transmission Control Protocal/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks.

[ ok || cancd |

— You can use the following IP address, for example — IP address: 192.168.0.99 — Subnet

mask 255.255.255.0 and accept the settings (— "OK")

Internet Protocel Version 4 (TCP/IPvd) Properties m

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(7) Obtain an IP address automatically
(@ Use the following IP address:

IP address: 192 .168. 0 . 99

Subnet mask: o5 . 285 . 285 . 0
Default gateway: 4 2 :

Obtain DNS server address automatically

(@ Use the following DNS server addresses:

Preferred DNS server: . . g
Alternate DNS server: . ]

[V3alidate settings upan exit
| o ,\\J[ Cancel |
Loy
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3.4.8 Setting the IP address in the CPU
The IP address of SIMATIC S7-1500 is set as follows.

— Select the Totally Integrated Automation Portal for this, which is opened here with a double-
click. (— TIA Portal V13)

[d13
TIA Portal V13

— Select — "Online & Diagnostics" and open the —"project view".

Tify Siemens “ox

Totally Integrated Automation

@ Accessible devices

Online &
Diagnostics

» Project view
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— In the project tree under — "Online access", select the network adapter that was set
previously. If you click — "Update accessible devices" here, you will see the IP address (if
previously set) or the MAC address (if IP address not yet assigned) of the connected
SIMATIC S7-1500. Select — "Online & Diagnostics™ here.

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
Cf R seproet @ X B X 0 5 MEE R S coonine F coofine | fip [ ¢ o U PORTAL
Project tree m 4
Devices
g )

~ i Online access
Y Displayihide interfaces
3 ’:ﬂ COM [R5232/PPI multi-master cable]
= r_—u Intel(R) Ethemet Connection I217-LM
e Update accessible devices
~ [ plc_2[192.168.0.1]
ﬂ Online & di ics
» ';:. Program blocks
v (@ Technology objects
» L PLC data types
3 ':'5 Online card data
» [} Dell Wireless 1550 802.11ac
» (1) PC Adapter [MPI]
» [ PCintemal [Local]
» [ PLCSIM [PNNIE]
3 r__ﬂ PLCSIM 57-1200157-1500 [PN/IE]
» [ usB [s7UsB)
» 1) TeleService [Automatic protocol detection]
» [5 Card ReaderlUSE memory

S properties |} info |2 Diagnostics
J General || Cross-references H Compile |
B8] srondimesoze: |7
1 .Message Goto 2 Date Time
Q Scanning for devices completed for interface Intel(R) Ethemet Connection 1217-LM. Found 11252016 10:35:32 PM -
> | Details view < Il »
Portal vie %2 Overview
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— Under— "Functions”, you now find the — "Assign IP address" item. Enter the following IP
address here (example): — IP address: 192.168.0.1 — Subnet mask 255.255.255.0. Next,

click — "Assign IP address" and this new address will be assigned to your SIMATIC S7-
1500.

144 Siemens —ox

Project Edit View Insert Online Options Teols Window Help

Totally Integrated Automation
j 3 E Save project Jam }(, e

T2 X oz 5 MG E R § coonline ¥ Gooffline ) mm|m x 41 PORTAL

Devices o
M 3
5 » Diagnostics . B
Lo « Functions Assign IP address A
5
SSi p g
- r:;m AT EEs Auln IP address; . . :_
1 Displayhide interfaces - ie“'me — Assign IP address to the device
& Immware update
¥ 1l COM [RS232/PPI multi-master cable] L pes r’mamz 1 Devices connected to an enterprise network or directly to the internet must be appropriately I}Z,
= [ Intel(R) Ethernet Connection 1217-LM L] 9 H protected against unautherized access, e.g. by use of firewalls and netwerk segmentation. 3
A2 Update accessible devices Reset to factory settings For more information about industrial security, please visit a
- '“_u plc_2 [192.168.0.1] Format memory card htpslivaww.siemens.comlindustrialsecurity 3
g _Onh'ne & d\'a‘gn‘usl\'(s TREEER =
v g Program blocks U’__l
» [ Technology objects | 5
» L) PLC data types [ . : E
» [ Online card data b 28 Lo @
» [ Dell Wireless 1550 802.11ac i) [l - 102.168.0 .1
+ L PC Adapter [MPI] L acdress: 880 -
» 1 PC intemal [Local] -] Subnetmask: 255. 255.255.0
» [0 PLCSIM [PNIE] L] [ use router
» [ PLCSIM 57-1200157-1500 [PNIEE] I -
» [0 USE [S7USB] ] Router address: 92.168.0
» [0 TeleService [Automatic protocol detection] Tl ——r—
Assign IP adds
» [ Card ReaderiUSB memory
w Assign a device address to the module
Assigns the IP configuration to the .
medule.

=% rrupeiues [ unu | ue wiagnostics

J General H Cross-references || Compile ‘
@E‘\ Show sll messages =
! | Message Gote |? Date Time
Scanning for devices completed for interface Intel(R) Ethemet Connection 1217-LM. Found 112512016 10:35:32 PM

> | Details view <] [ [5]
4 Portal view =2 Overview | &/ online & dia.... i scanning for et

Note: The IP address of the SIMATIC S7-1500 can also be set via the display on the CPU,
provided this is enabled in the hardware configuration.

— If the IP address was not successfully assigned, you will receive a message in the

— "Info" window under — "General".

| properties T4 Info |2l Diagnostics

J General || Cross-references || Compile |

@E| Show all messages |'|

! | Message Goto |? Date Time
€3 ~ ThelPaddress could not be assigned. 21912015 1:32:54 M E
@ The set command could not be executed. 2M9/2015 1:32:54 PM —

v

-
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3.4.9 Formatting the memory card in the CPU

— If the IP address could not be assigned, the program data on the CPU must be deleted. This

is accomplished in 2 steps: — "Format memory card" and —»"Reset to factory settings".

— First, select the — "Format memory card" function and press the — "Format" button.

] Siemens ezl ¢
Pr(:JeFl Edit View Insert Onhmi Options  Tools W\nﬁuwi Help Totally Integrated Automation
Gi i saveproject @ ¥ 22 5 X M2 @ B ME E R F coonine ¥ Gooffiine | £ M I 2¢ H [[] PORTAL
Devices _ e
o » Diagnostics =
500 < Finctions Format memory card i
o
el oninoic o= Assign IP address H
: &
Y Displaylhide interfaces ?altlme -
» [0 COM [RS232/PPI multi-master cable] | [ s kS B
~ L] Intel(R) Ethernet Connection 121741M LA dsan n:me , IPaddress:  192.168.0 .1 5
{7 Update accessible devices Resetio faclory setings PROFINET device name: |plc_2 | -
e i . z
Save service data i -
» [l Program bloc] N Format u L,'I_'J
4 ‘_49 Technology objects w Format E
» Ll PLC data types Formats the 3
~ + [= online card data memery card of the g
» [] Dell wireless 1550 802.11ac p.cil selected CPU. | |
» 7 PC Adapter MPI] L
+» [ PC internal [Local] L
» [0 PLCSIM [PNIE] W
» [ PLCSIM 57-1200/57-1500 [PNIIE] L
» [ usB [s7usB] L]
L ]

» [0 TeleService [Automatic protocol detection] @ properties  |7i}info [ %) Diagnostics

» [ Card Reader/USB memery

J General H Cross-references H Compile ‘

D] 2.][@] [show ail messages [~]

1 Message Goto ? Date Time
ﬂ Scanning for devices on interface Intel(R) Ethemet Connection 1217-LM was started. 11252016 10:39:20 PM
ﬂ_ : Scanning for devices completed for interface Intel(R) Ethernet Connection 1217-LM. Found 112512016 10:39:27 PM

> | Details view <] i 1>
4 Portal view 1 overview | & online & dia.... b Scanning o et fov e

— Confirm the prompt asking if you really want to format the memory card with — "Yes".

Online & diagnostics (0241:000024)

Do you really want to format the
memory card?

— If necessary, stop the CPU. (— "Yes")

Online & diagnostics (0241:000025)

I Formatting a memory card is only permitted in STOP
mode. Do you want to stop the CPU?

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 31
SCE_EN_012-105 Hardware Configuration S7-1512C_R1602.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-101, Edition 02/2016 | Digital Factory, DF FA

3.4.10 Resetting the CPU to factory settings

— Before you can reset the CPU, you must wait until the formatting in the CPU has finished.
Then you must select — "Update accessible devices" and — "Online & diagnostics" of your
CPU again. To reset the controller, select the — "Reset to factory settings" function and click

— "Reset".

78 Siemens ===

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

Gf M H saveproject @ M 18 05 X D22 M EE R coonline ¥ Gooffiine fo M8 3 — [[] PORTAL
Devices o
- = I EX

HHOQ 2 : E:'ari:z;ims Reset o factory settings E
~ [y Online access Assig_nIF' REE ]
{ Displaylhide interfaces SR 3
» [ COM [RS232/PP multi-master cable] ]| e =
~ [ Intel(R) Ethemet Connection 1217-LM ] fsdnmane IPaddress:  192.168.0 .1 =
Eﬁ? Update accessible devices PROFINET device name; | plc_2 | E
~ [ plc_2 [192.168.0.1] Formatmertory caxd 2
"] Oniline & diagnostics i Ve seivicedata i ; e
= H E (®) Retain IP address 11
b g e blocty " O Delete IPaddress E
» L4 Technology objects F g
» [ PLC data types Reset 2
+ (2 Online card data 5
= P Reset
» L1 Dell Wireless 1550 802.11ac il ||
» [0 PC Adapter [MPI] .}
+ [ PC intemnal [Local] 1)
» [ PLCSIM [PNIIE] 5
» 7 PLCSIM 57-1200/57-1500 [PNIIE] |
» [ usB [57USB] L.}
» [ TeleService [Automatic protocol detection] | properties |74 info | %] Diagnostics
» [ Card Reader!UsB memory || General | crossreferences | Compile |
@‘El Show all messages |E2}
! Message Goto |2 Date Time
o Scanning for devices on interface Intel(R) Ethernet Connection 1217-LM was started. 1/2512016 10:43:42 PM ‘Z
ﬂ Scanning for devices completed for interface Intel(R) Ethemet Connection 1217-LM. Found 1/2512016 10:43:50 PM ‘T
> | Details view Al [ 2] |
4 Portal view £ Overview | & online & dia__ i Scanning fo pleted for int._.

Do you really want to reset the
module?

I Resetting is only allowed in STOP
] mode. Do you want to stop the CPU?
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4 Task

Create a project and configure the following modules of your hardware, which correspond to one part
of the Trainer Package SIMATIC CPU 1512C PN with Software, PM 1507 and CP 1542-5
(PROFIBUS).
— 11X SIMATIC PM 1507 24 V/8 A STABILIZED POWER SUPPLY INPUT: 120/230 V AC
OUTPUT: 24 V DC/8 A (ORDER NUMBER: 6EP1333-4BA00)

— SIMATIC S7-1500 COMPACT CPU, CPU 1512C-1 PN, CENTRAL PROCESSING UNIT
WITH WORKING MEMORY 250 KB FOR PROGRAM AND 1 MB FOR DATA, 32
DIGITAL INPUTS, 32 DIGITAL OUTPUTS, 5 ANALOG INPUTS, 2 ANALOG OUTPUTS,
6 HIGH SPEED COUNTERS, 1. INTERFACE: PROFINET IRT WITH 2 PORT SWITCH,
48 NS BIT PERFORMANCE, INCL. FRONT CONNECTOR, SIMATIC MEMORY CARD
REQUIRED (ORDER NUMBER: 6ES7 512-1CK00-0ABO)

5 Planning

Because this is a new system, a new project must be created.

The hardware is already specified for this project with the trainer package SIMATIC CPU 1512C PN
with Software, PM 1507 and CP 1542-5 (PROFIBUS) Therefore, no selection needs to be made.

Instead, the listed modules of the Trainer Package are simply inserted in the project.

To ensure that the correct modules are inserted, re-check the order numbers from the task directly on
the installed devices. Normally, the CPU is inserted first. Other signal modules for the compact CPU

are not needed here. Then add the power supply. See Table 1.

The Ethernet interface must be set for the configuration of the CPU. In addition, the address areas of

the digital and analog inputs and outputs must be adapted.

Module Order number Slot Address area
PM 190W 120/230VAC 6EP1333-4BA00 0
CPU 1512C-1 PN 6ES7 512-1CK00-0ABO 1 DI O0...3
DQO...3
Al 64...73
AQ 64...67

Table 1: Overview of the planned configuration

As the final step, the hardware configuration must be compiled and downloaded. Any errors present
can be detected during compilation and incorrect modules can be detected when the controller is
started (only possible when hardware is present and structured identically). Now, back up the checked

project.
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6 Structured step-by-step instructions

You can find instructions on how to carry out planning below. If you already have a good
understanding of everything, it is sufficient to focus on the numbered steps. Otherwise, simply follow
the steps of the instructions illustrated below.

6.1 Create a new project

— Select the Totally Integrated Automation Portal for this, which is opened here with a double-
click. (— TIA Portal V13)

ALE
TIA Portal V13

— In the portal view under the "Start" menu, select — "Create new project".

T4 Siemens

Open existing project
Create new project

Migrate project

Welcome Tour

— Modify Project name, Path, Author and Comment as appropriate and click — "Create".

Create new project

Project name: |012_105_CPU1512g

|
Path: |D100_TIA_Fortal =
Author: |Michael Dzallas |

Comment: i

— The project will be created and opened and the menu "Start", "First steps" will open

automatically.
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6.2 Inserting the CPU 1512C-1 PN

— In the portal, select — "Start" — "First steps" — "Devices & networks" — "Configure a

device".

T4 Siemens - D:\00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C -ox

I Start First steps
-

Project:"012_105_CPU1512C" was opened successfully. Please select the next step:

Totally Integrated Automation

Open existing project

Create new project
proj I \\\
Migrate project
Close project
& 5] Configure a device
Welcome Tour o 5
g Write PLC program
First steps
Configure
technology objects
Installed software n . Parameterize drive

Help l ] Configure an HMI

screen

User interface language

Open the project view

» Project view Opened project: D:00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

— In the portal, "Devices & networks" opens the "Show all devices" menu.

— Switch to the "Add new device" menu.

T Siemens - D:00_TIA_Porlalid12_105_CPU15120012_105_CPUT512C —-o=

Totally Integrated Automation
PORTA

Add new device

@ Show all devices

B Add new device | m

Contrellers

Devices &

I networks
« L Controllers Device:

+ [ SIMATIC 57-1200

+ (g SIMATIC 57-1500

» [ SIMATIC 57-300

+ [l SIMATIC 57-400
= . + (gl SIMATIC ET 200 CPU
| + [ Device Prowy

¢ %

Artache no.:

L

HMI Viersaon:
@ Configure networks

Discription:

N

P Project view Opened project: DADD_TIA_Portal012 105 CPUTS120012 105 CPUTS12C
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— The specified model of the CPU will now be added as a new device.

(Controller — SIMATIC S7-1500 — CPU — CPU 1512C-1 PN — 6ES7512-1CK00-0ABO —>
V1.8)

I"‘_; Siemens - D:\00_TIA_Portal\012_105_CPU1512C¥012_105_CPU1512C —-OX

Totally Integrated Automation

Add new device

[2]

Devices & @ Show all devices Device name:
networks

# Add new device [rc J

[>]

« [ig Controllers Device:
» [ SIMATIC 57-1200
~ [l SIMATIC 57-1500
~[mcru
» (W CPUISTI-TPN
» [l CPU1511C-1PN
~ [l CPU1512C-1 PN

I §5E57 512-1CKOD-0ABOS .
» (il CPU1513-1 PN Article no.;  |6ES7 512-1CK00-0AB0

Controllers

CPU1512C-1PN

L

@ Configure networks

s .
HMI » [WCPU1515-2 PN Version: Vig
» [ CPU 1516-3 PNIDP
» [ CPU1517-3 PNIDP Description:
» [ CPU1518-4 PNIDP CPU with display; work memory 250 KB code ar =
» (@ CPUISTIE-1PN 1 MB data; 48 ns bit operation time; 4-level
e protection concept, integrated technology

» (W CPUTS13F-1PN functions: motion, contrel, counting &

PC systems » [ CPU1515F-2 PN measurement; integrated trace; interface:

FROFINET IO controller, supports RTIRT, 2 ports,

i =
D LT &) TS sl I-device, MRP, transport protocol TCPIP, 57

» [ CPU1517F-3 PNIDP cemmunicatien, Vieb server, constant bus cycl
El » [ CPU 1518F-4 PNIDP time, routing; firmware V1.8 with DI32/DQ32,
& ) ImUrspeciedcrutsp | AhZdatelmumeddepigaciet | | |
Drives . » [ CPUSIPLUS 16:DC24V10.54, grouping 167 analog input_
— Assign a device name. (device name — "CPU_1512C")
Device name:
|cPU_1512q
— Select "Open device view".
[w] Open device view
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— Click "Add".

74 Siemens - D:\00_TIA_Portal\012_105_CPU15120\012_105_CPU1512C

Show all devices

Devices &
networks

Add new device

Configure networks

b Project view

Add new device

—-OX

Totally Integrated Automation

Device name:

[cru_1512C

Controllers

|

HMI

4l

PC systems

Drives

[+ Open device view

~ [ Controllers
» [l SIMATIC 57-1200
~ [ SIMATIC 57-1500
~[mcru
» [ CPU1511-1PN
» [ CPU1511C-1PN
~ [ CPU1512C-1 PN
[l 5E57 512-1CK00-0ABO

» [l CPUT513-1 PN
» [ CPU1515-2 PN
» [ CPU1516-3 PNIDP
» [ CPU1517-3 PNIDP
» [ CPU1518-4 PNIDP
» [ CPUI511F-1PN
» [l CPU1513F-1PN
» [ CPU1515F-2 PN
» [l CPU1516F-3 PNIDP
» [l CPU1517F-3 PNIDP
» [ CPU1518F-4 PNIDP
» [ Unspecified CPU 1500
» [ CPUSIPLUS

» [ SIMATIC 57-300

» [ SIMATIC 57-400

» [l SIMATIC ET 200 CPU

» [ Device Proxy

Opened project: DA\00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

CPU1512C-1PN
Article no.: BES7 512-1CK00-0ABO
Version: V1.8
Description:

CFU with display; work memary 250 KB code a
1 MB data; 48 ns bit operation time; 4evel
protection concept, integrated technology
functions: maotion, control, counting &
measurement; integrated trace; interface
PROFINETIO controller, supports RTIRT, 2 ports,
I-device, MRP, transport protocol TCPIIP, 57
communication, Web server, constant bus cycl
time, routing; firmware V1.8 with DI32iDQ32,
AI5iAQ2 digital input module DI 16xDC24V,
grouping 16; digital cutput medule DQ
16xDC24V/0 54, grouping 16; analog input
module Al 4xUll, Al 13RTD, 16-bit, grouping 5;
analog output module AQ 2xUl, 16-bit, groupin
2; 6 channels for counting and measurement
with incremental encoders 24 V (up to 100 kHz

[<] 1

Note: The desired CPU may have multiple versions that differ in functionality (work memory,

integrated memory, technology functions, etc.). In this case, you should ensure that the

selected CPU corresponds to the existing hardware.

Note: Different firmware versions are often offered for the hardware. In this case, it is

recommended to use the latest firmware (selected by default) and to upgrade the CPU, if

necessary.
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— The TIA Portal now changes automatically to the project view and displays the selected CPU

in the device configuration in slot 1 of a rail.

74 Siemens - D:\00_TIA_Portal\012_105_CPU15120\012_105_CPU1512C

Project Edit View Insert Online Options Tools Window Help TosteTy (e e et
F (Y B soveproject 5 M 22 = X N2 ¥ G G E [} coonline ¥ Goofiline  fio [ IR % - ] PORTAL
012_105_CPU1512C » CPU_1512C [CPU 1512C-1 PN]
W \; Topology view Hﬁﬁu Network view ||ﬁ'|' Device view | Options 22|
5 =
OO # [cruisiac [ B el & |3
2
- | catalog 3
T rddrewderics =
I Add new device - g
 Devices & networks E:\I(er 5
'le CPU_1512C[CPU 1512C1 PN] » L PM =
» (W PS
|]'|' Device configuration v v v Fe -
| Online & diagnostics @ 7 5 A 5 3 = > r_i. CPU o]
¥ Parameters = » ’i' DI °
+ I3 Program blocks Rail_0 » ’? DQ E
» [ Technology objects 3 Fil DIDQ g
» [} External source files r r4\..«\ H
@
» L4 PLCtags 3 ’i'AQ
» [ PLC data types 3 Fi. AlAQ ] -
¥ 55, Watch and force tables » r{. Communications medules =
» [ online backups + [ Technology medules ]
» [ Traces + [ Interface modules x
8 program info | |
» i, Device proxy data [ <[ 100% - —5— |_’_|__|
EAlpcabms ‘3 Properties ||‘_i.llnf|:| yHE Diagnostics ‘ 5
=] Textlists E
¥ g Local madises || General | 10tags | System cstanls | Texts | - 3
» [@§ Common data » General A . F
» Z1 Documentation settings pd PROFINET interface [X1 AN e =
r: @ Languages & resources General | General
» @ Online access 3 Ethernet addresses
~ | Details view Time synchronization
Operating mode Name: |[PROFINETinterface_1
b SEMETEREI T Author: |Michael Dasllas
o Web serveraccess » |Information

4 Portal view  Project 012_105_CPU1512C created.

o CPU_1512C
—

Note: You can now configure the CPU there according to your specifications. Possible
settings include the PROFINET interface, startup characteristics, cycle, communication load

and many others.
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6.3 Configure Ethernet interface of the CPU 1512C-1 PN

— Select the CPU with a double-click

— Under — "Properties", open the — "PROFINET interface [X1]" menu and select the

— "Ethernet addresses" entry there.

emens - D:00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
Ui 3 Bl saveproject & ¥ 22 5 X W@ 5 MG E R § coonline ¥ cooifine o [N [ > ] PORTAL
012_105_CPU1512C » CPU_1512C [CPU 1512C-1 PN]
Devices |& Topology view | Network view |[I¥ Device view || Options [
s F3
FHOO & [cru_1512C M (eH as =]
2
~ | catalog 3
B Add new device 8
iy Devices & networks @il‘(E’ i
~ [ CPU_1512C [CPU 1512C-1 PN] »m PM =
m Device configuration i v v w 3 ,il PS L
%] online & diagnostics o . g a 5 5 7 » h_:| crPU o]
1 Parameters » @ DI 3
» g Program blocks Rail_0 » r_E. ale] =
» [ Technology objects » (@ DIDQ 3
@ » (Al e
» External source files = 2
» @ PLC tags » il AQ
» () PLC data types 3 ril AIAQ =
» [52 Watch and force tables > @ Communicatons mod_" 1
» [ online backups » (il Technology modules 2
» [ Traces » [ Interface modules -3
8 Program info [<] w 100% - —— L
Pl
2 ; E:(wc‘e piosyicata [ properties | % Info &) %l Diagnostics | %I_J
alamms o
2 Textlists J General | 10tags | system constants | Texts [<] .IHI W] 3
» [ Local modules - General ~ By Ad 3
» [§§ common data Project information Etemetaddesssy = Device: |
» [5]) Documentation settings Catalog information Interface networked with
» [@ Languages & resources Identification & Maintenance L
» [y Online access ~ PROFINET interface [X1] Subnet: | PN/IE_1 [+
+ [ Card ReaderlUSB memory General || —
Ethemet addresses] |
Time synchronization bl 1P protocol
Qperating mode f &
PR e—
D e () Set IP address in the project
Web serveraccess Ve I:
Hardware identifier IPaddress: | 192.168.0 .1
» AISIAQ 2 [X10] Subnet mask: | 255. 255.255. 0 Description:
— » DI16/DQ 16 [X11] Use router
> | Details view A DiaeinAas Tvaoal D
4 Portal view 2 Overview Y settings @ CPU_1512C

— Under "Interface networked with", only the "Not networked" entry is available.

— Add an Ethernet subnet with the — "Add new subnet" button.

Ethernet addresses

Interface networked with

Subnet: | Not networked [+]
| Add new subnet ]
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Keep the preassigned "IP address" and "Subnet mask".

|2 Properties |7} Info y\Iﬂ Diagnostics

J General || 10 tags || System constants || Texts
General (]

-

=i | Ethernetaddresses

L]

PROFINET interface [X1]
General Interface networked with

v v oo

L]

- v

L]

-

Ethernet addresses
Time synchronization
Operating mede
Advanced options
Web server access
Hardware identifier
AlSIAQ 2 [¥10]
DI16IDG 16 [X11]
DI16/DQ 16 [X12]
High speed counters (HSC)
Startup
Cycle
Communication load
System and clock memery
System diagnostics
General
Alarm settings
Web server
Display
User interface languages
Time of day
Protection
Connection mechanisms
Security event
Systerm power supply

i e tinn congenl

-

IP protocol

PROFINET

Subnet: | PNJIE_1 [+]

[ Add new subnet

(®) Set IP address in the project

IPaddress: | 162 . 168.0 .1
Subnetmask: | 255. 255. 255. 0

El Use router

Routeraddress: |0 .0 .0 .0
() IP address is set directly at the device

[] PROFINET device name is set directly at the device
¥ Generate PROFINET device name automatically
PROFINET device name |cpu_1512c |

Converted name: |cpuxb1512ca3d7 |

Device number: |0 | - |
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6.4 Insert power module PM 190W 120/230VAC

— Find the correct module in the hardware catalog and insert the power module in slot 0.
(— Hardware Catalog —» PM — PM 190W 120/230VAC (order number 6EP1333-4BA00) —
Slot 0)

= Topology view @ Network view |m1‘ Device view ‘ Options

=] Device d =
w. = | Catalog
S |
[ Filter
- [ PMm

3 5 PM 70W 120i230VAC

~ [ PM 190W 120/230VAC
o 1 2 3 4 5 6 7 [l

» Gl Ps

» [ CPU
» [@DI
» [l DQ
» [ DIIDQ
» (WA
» [l AQ
» [ AlAQ
» [/ Communications modules
» [l Technology modules
» [ Interface modules

fiojejes atempiey (§

Rail_0

5100} BUIUQ EH

syse| l@l”

~ | Information
- ”~
Device: o]

saneIqn E”

PM 190W 120/230VAC

Article no.: BEP1333-4BA0D0
< @ 100% | ——— & Wersion: g

|4 properties  [?ihinfo &)%) Diagnostics | <] [ W>]

Note: To select the power module, you can simply enter the order number in the Search
field and then click the "Search down" #! icon. The hardware catalog will open at the correct

position.
Options (=E]
alg
=4
~ | catalog z
6EP1333-4BA00 || ®
e ) 8
[+ Filter Search down
vr‘__[. P [
» [ PM 70W 120/230VAC
~ [l PM 190W 120/230VAC j
[l 6EP1333-4BA0D0 o
» (@ Ps :f—‘

Notes: When you double-click a module in the hardware catalog, you insert it at the next

available compatible slot.

If a module such as the power module is planned only for one slot, it is not possible to place

it at another position even in the device configuration.
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6.5 Configure the address areas for the digital and analog inputs and

outputs

The address areas for the signals used in the process are specified by the plant designer to

correspond to the plant documentation. See Section 5 Planning.

— In the "Device overview" section, ensure that the address areas of the high-speed counters

(HS) not used here are above 100.
(— Device overview— HSC_1 to HSC_6 — | address — 110... 205 — Q address

— 110...201)

Set the analog inputs and outputs to the correct address areas starting at 64....
(— Device overview— AIS/AQ2 — Slot 1 8— | address — 64...73 — Q address

> 64...67)

Set the digital inputs and outputs to the correct address areas starting at 0.... (— Device

overview— DI16/DQ16 — Slot 1 9 — | address — 0...1 > Q address — 0...1

— DI16/DQ16 — Slot 1 10 — | address — 2...3 — Q address — 2...3)

012_105_CPU1512C + CPU_1512C [CPU 1512C-1 PN]

[& Topology view |# Network view [IIf Device view ||

d¢ [cPu_i512C = J Device overview

Y 0 el
\‘7\ v (CPU_1512C 0 1 CPU1512C-1PN  6ES7 512-1CK0O-.
51\5’ AISIAQ 2_1 0 18 64.73 64.67 AISIAQ2 |
DI16/DQ 16_1 0 19 0..1 0..1 DI16/DQ 16 3
DI16/DQ16_2 0 110 2.3 [2..3 | Di16/DQ 16
HSC_1 0 116 110..125 € Value range: [0..32766]. X ==
= HSC_2 0 117 126..141 126..137 HSC
L HSC_3 0 118  142..157 142..153 HSC
n HSC_4 0 119 158..173 158..169 HSC
- HSC_5 0 120  174..189 174..185 HSC
HSC_6 0 121 190..205 190..201 HSC
» PROFINET interface_1 0 1X1 PROFINET interface
0 2
0 3
0 4
0 5
0 6
0 7 [v]
[ <][w =9 & <] I ]

Rack Slot | address | Q address Type Article no.

A
'ﬂ' .. | Module
O E PM 190W 120/230VAC 0 PM 190W 120/230.. 6EP1333-4BA00 |~

42

Note: To show and hide the Device overview, you must click the small arrow next to "Device

data" on the right side of the hardware configuration.

| * | | =

Note: To set the address areas for the digital and analog inputs and outputs as desired, the

address areas for the high-speed counters (HSC) must first be moved to higher areas.
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6.6 Save and compile the hardware configuration

— Before you compile the configuration, you should save your project by clicking the

— B Save project button. To compile your CPU with the device configuration, first select

the - "CPU_1512C [CPU1512C-1 PN]" folder and click the — il "Compile" icon.

T4 Siemens - D:\00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation
Gf (Y soveproiect @ X B 2 X D TM G R & Goonline (¥ cooifline f, M I x — ] PORTAL
Project tree m 4 Compile
Devices ‘.1.5’ Topology view Hﬁﬂ-h Network view ‘mf Device view | Options (2]
EYX) i B e e = |z
»{0\'. [~| * | +|catalog §
"D g e & i) G=—SsmTCiH
new device ) ) = y o
N) \{) [ Filter 3
& & - [ PM 2
IIf Device configuration — == D E" PM70W 120/230VAC -
%/ Online & diagnostics ~ LW PM 190W 120/230VAC )
¥ Parameters 0 1 2 3 4 5 6 7 Il 5EP1333-48A00 )
» [ Program blocks Rail 0 v lmips 5
+ [3§ Technology objects - v mcery f,
3 External source files »moi g_
» [3 PLC tags | »moo 7
v [ PLC data types ] »moiee =
» [ Watch and force tables 1| »ma B
» [ Online backups e [ [maQ 4
» [Z Traces » [mavaQ 7
4 Frogram info » [l Communications modules | |
» [if, Device proxy data + [§ Technology modules (]
A PLC alams » [ Interface modules c
E] Textlists E
» [ Local modules v | Information z
» ';! Common data Device: \i
» [5]) Documentation settings Ei
v [@ Languages & resources 3
+ [y Online access
» [ Card ReaderlUSE memory
~ | Details view PM 190W 120/230VAC
L] Jo0% = ——§—— & -
Name |d properties | Info 0|2 Diagnostics < i 3

4 Portal view =3 Overview | % cru_isiac

Note: "Save project" should be used repeatedly when working on a project since this does

not happen automatically. A prompt to save the project only occurs when the TIA Portal is
closed.

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 43
SCE_EN_012-105 Hardware Configuration S7-1512C_R1602.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-101, Edition 02/2016 | Digital Factory, DF FA

44

— If the project was compiled without errors, you see the following screen.

00_TIA_Portal\012

Przyecl Edit View Insert On!\'ne_ Opticns ~ Tools 'WIFIdOW Help _ T el (e Ao
Yl swveproject @ X 3 T X Ot : 5 [0 G B RS coonine o Goorfine | fp N IB 3¢ | | PORTAL
Project tree m 4
Devices \E Topology view Hgﬁa Network view |mi Device view \ Options [
] X
Qo Q d¢ [cPu_1512¢C Fl & eH s =1k
2
| catalog Z
" dmeiere &
B Add new device IN) - g
& Devices & networks 6\3 s E,E"‘E[ B
~ @ PM &
~
[IY pevice configuration v v v » !i. PM 70W 1201230 |
%/ Online & diagnostics = 5 n 5 5 = - [j PM 190W 120/23... w
¥ Parameters ~ Il 6EP1333-46... °
» Il Program blocks » Ii. [ E-
» [ Technology objects » r4_. cPU ;
» g External source files 3 '_P DI =g
» (& PLC tags 3 r{. DQ
» [ PLC data types » Ii. DIiDQ =
» 58 Watch and force tables » I_4_. Al =
» [ online backups » r_;_. AQ ;_
» [ Traces » r_{. AlAQ 7 =
%ﬂli Program info <] u 100% s —— : ; $Z::-:£$‘:£u?: SE
2 ; ;ac\n:‘e proy data |§, Properties H"_i.'.lnfu yHﬂ Diagnostics ‘ T E
alarms =
& Textlists | General y| Crossreferences | compile | [<] n_ > :
» (3 Local madiles RO — ~ information i

Overview Y settings

4 Portal view

Itrﬂ'n CPU_1512C

ez B
Hlat Cemneidan Compiling completed (erors: 0; warnings: 1) Device: | |
D & BTEmEr AL SRS 1 [path Description Goto |7 Erors | Wamnings  Time
» [P Languages & resources I v CPU_1512C A 0 1 1
o ! 2
b ’-P Online access 1 ~ Hardware configuration A 0 1 11:
» 1 Card Reader{USB memory ~ 571500/ET200MP statio 2 0 1 1
~ Rail_0 L ] 1 PM 190W 120
v CPU_1512C s 0 1
! T CPUT5T2C [ @ il Articleno.:  [6EF1333-4BA0
1 CPU_1512C CPU_1512C does not contain a configured protection level A
@ - Pogramblocks Pl 0 0 Version: |
Noblo_c.kwas compiled. All blocks are_up-to—da(e. D
Compiling completed (errors: 0; warnings: 1) -
— e he1ann
> | Details view <f 1l »< [

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.

SCE_EN_012-105 Hardware Configuration S7-1512C_R1602.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 012-101, Edition 02/2016 | Digital Factory, DF FA

6.7 Download the hardware configuration to the device

— To download your entire CPU, select the — "CPU_1512C [CPU1512C-1 PN]" folder and

click the m — "Download to device" icon.

¥ Siemens - D:\00_TIA_Portal\012_105_CPU1512C012_105_CPU1512C

Project Edit View Insert Online Options Tools Window Help Tty M gt A e
i CH I saveproject (3 M 32 5 X |y x5 MG [R & Goonline &¥ Gooriline . fo M B 3 - | PORTAL
Project tree 4 Downlcad to device
Devices |& Topology view [d Network view ‘lﬁi Device view || Options [EE)
: y M =
6500 e EJECELT E I
2
& [~] " | ~[catalog £
e 012_105_CPU1512C N3 A ®
N & 1 - :
[ Add new device S K = - 8
il Devices & networks w\‘\ N7 gil\ler g
~ 7§ CPU_1512C [CPU1512C1 PN] < < = _,]:M g
IY Device configuration ] » ,'E. PM 70W 120/230VAC ||
%/ online & diagnostics ~ [ PM 190W 120/230VAC ]
¥ Parameters 1 2 3 4 5 6 7 Il 6EP1333-4BA00 o
=] »[@rs E
b gl Program blocks Fe 3
» [ Technology objects » lmCry B
g ol 3
» External source files | h s
» [3 PLC tags " » ril DQ
» ) PLC data types -] FE' DIDQ —
» [l watch and force tables ' ’i:l Al =
» [ Online backups » (@ AQ 2
» [ Traces » (@ AlAQ -3
: =
5 Program info » ,'El Communications modules | |
» [l Device proxy data » (@ Technology modules 1)
EA PLC alarms » [ Interface modules =
E] Text lists - g
» [ Local modules v 1 2
4 ommon data e -~ ||
» [5]) Documentation settings E
» [@ Languages & resources
» i Online access
» [ Card ReaderlUsB
# o e QIR D a— s el
‘QPmpenies ||‘_il|nfn Hﬂ Diagnostics ‘

> | Details view
4 Portal view 3 Overview |ﬁﬂ-h CPU_1512¢C

— The manager for configuring the connection properties (extended download) opens.

Extended download to device %

Configured access nodes of "CPU_1512C"
Device Device type Slot Type Address Subnet
CPU_1512C CPUTS12C-1PN 1X1 PNIIE 192.168.0.1 PNIE_1

Type of the PGIPC interface:

cose select =
[ [1©<

\ [-]©
\ [-] @
Compatible devices in target subnet: Showa e devices
Device Device type Type Address Target device

Online status information:

[] Display only error messages

Load || cancel
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— First, the interface must be correctly selected. This happens in three steps.

— Type of the PG/PC interface — PN/IE

Extended download to device X

Configured access nodes of "CPU_1512C"

Device Device type slot Type Address Subnet
CPU_1512C CPU1512C-1PN  1X1 PNIIE 192.168.0.1 PNIE_1

46

Type of the PGIPC interface:
PGIPC interface:
Connection to interfacelsubnet:

1st gateway:

[®_Pnie |-}
Flease select... @
®

4_TeleService

| =1 ©

— PG/PC interface — here, for example: Intel(R) Ethernet Connection 1217-LM

Extended download to device [X
Configured access nodes of "CPU_1512C"
Device Device type Slot Type Address Subnet
CPU_1512C CPU1512C-1PN 1X1 PNIIE 192.168.0.1 PNIE_1
Type of the PGIPC interface: ﬁ_PNu‘IE [+]
PGIPC interface: ﬁ Intel(R) Ethernet Connection 1217-LM [+ ©
Connection tointerfacelsubnet:  Flease select.. ©
R il Intel(R) Ethernet Connection 1217-LM @
SHOTENEER Dell ireless 1550 802.11ac
&l PLCSIM
W FLCSIM 57-1200/57-1500

Note: The PG/PC interface used here depends on the ETHERNET interface adapter
installed in the programming device

— Connection to interface/subnet — "PN/IE_1"

Extended download to device X

Configured access nodes of "CPU_1512C"

Device Device type Slot
CPU_1512C CPUT5S12C-1PN 12X

Type of the PGIPC interface:
PGIPC interface:
Connection to interface/subnet:

1st gateway:
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— The — "Show all compatible devices" check box must then be selected. The search for

devices in the network is started by clicking the — | smrtsearch | ptton,

Extended download to device

Configured access nodes of "CPU_1512C"

Device Device type Slot
CPU_1512C CPU1512C-1PN 12X

Type of the PGIPC interface:
PGIPC interface:
Connection to interfacelsubnet:

1st gateway:

Compatible devices in target subnet:

Device Device type Type
=== === PNIIE

Flash LED

Online status information:

[ Display only error messages

[X
Type Address Subnet
PNIIE 192.168.0.1 PNIE_1
[®_prie [+]
ﬁlntel(R} Ethernet Connection 1217-LM |‘| @
©
| [ ®
[+ Show all compatible devices
Address Target device
Access address -
) Startsearch ©
Load | | Cancel
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— If your CPU is shown in the "Compatible devices in target subnet" list, it must be selected
and the download started. (— CPU 1512C-1 PN — "Load")

Extended download to device

[X
Configured access nodes of "CPU_1512C"
Device Device type Slot Type Address Subnet
CPU_1512C CPUTS12C-1PN 1X1 PNIIE 192.168.0.1 PNIE_1
Type of the PGIPC interface:  [B_FNiE I+]
PGIPC interface: ﬁ Intel (R} Ethernet Connection 1217-LM [~] ©
Connection to interfacelsubnet: [ PNIE_1 [+ ©
1st gateway: | "| ©
Compatible devices in target subnet: [l show all compatible devices
Device Device type Type Address Target device
CPUcommon CPU1512C-1PN  PNIIE 192.168.0.1 CPUcommon
--- --- PNIIE Access address ---
["| Flash LED
Start search
Online status information:
e Retrieving device information... IZ‘
Scan and information retrieval completed. —
[ Display only error messages
Load 1 | Cancel |

— You first obtain a preview. Confirm the prompt — "Overwrite all" and continue with — "Load".

Load preview %
9 Check before loading
Status ! Target hiessage Action
& ~ cpuisiac Ready for loading.
1 ~ Protection Protection against unauthorized access
Devices connected to an enterprise network or directly to the
internet must be appropriately protected against unauthorized
access, e.g. by use of firewalls and network segmentation. For
meore information about industrial security, please visit
H http:lhwwaw.siemens.comiindustrialsecurity
0 ¥ Software Download software to device Consistent download
] » Download to d.. Objects thatdo not exist online.
0 » Ovenwrite onli... Objects thatexist online and are overaritten.
0 Text libraries Downleoad all alarm texts and text list texts Consistent download
[<] [ =]
| F | |I Load | ‘ Cancel |

Note: The @ symbol should be visible in every line of the "Load preview". You can find

additional information in the "Message" column.

48
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— The — "Start all" option will be selected next before the download operation can be

completed with — "Finish".

Load results [X
e Status and actions after downloading to device
Status 1 Target Message Action
. @ ~ cpu_1512¢ Downloading to device completed without error.

H ~ Start modules Start modules after downloading to device. M startall
H The module "CPU_1512C" can be started. E Start

[] i [ =]

|I Finish I| | Load | ‘ Cancel |

— After a successful download, the project view will open again automatically. A loading report

appears in the information field under "General". This can be helpful when troubleshooting

an unsuccessful download.

mens - D:\00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

Project Edit View Insert Online Options Tools Window Help Tatiellyy (e e e
F D Hseveproerr & ¥ 2D X D 5 M E R & coonline F coofiine o AR 2 [ PORTAL
012_105_CPU1512C *» CPU_1512C [CPU 1512C-1 PN]
Devices |& Topology view [d Network view [IY Device view || options [
. ; M ==
OO & [cru_1512C H (el | = 0|z
=
Q v | catalog H
e rr—— . 1
o & 0{; 6EF13334BA00 n
B Add new device ) ) § 2
& \)'> [ Filter o
& & ~ [ em 2
g || » ’-_f. PM 70W 120/230VAC
v v v r= —
% Online & diagnostics M ~ L@l PM 190W 120/230VAC u
1 Parameters 0 1 3 4 5 6 7 N - [l 6EP1333-4BA00 g
» kg Program blocks Rail_0 85 r_El Ps E-
» [ Technology objects » LW CPU 4
& » (W DI H
» External source files = E
» [3 PLC tags *m DQ
» [ PLC data types 4 o DibQ =
» (53 Watchand force tables PLmA 5:
v [ Online backups <] oo [« b r'“'_\[_.AQ 3
» ':.r Fe— . —— » r_{lAh’AQ 3
B8} program info g properties [ Info @] %l Diagnostics | » L@l Communications modules | |
el = + [ Technology modules
» i Device proxy data || General | cross-references | compile | r{l‘ - E ar U’_J
4 PLC alarms » [ Interface modules =
e ]800 (st s = :
» [ Local modules hd ‘ Information z
+ gk common data S =l fre 7 o Device: bi
+ [5]) Documentation settings 0 ~ Start downloading to device. 112512016 E
» [@ Languages & resources (i} ¥ CPU_1512C 12512016
» [1g Online access » Hardware configuration 112512016
» [ Card ReaderlUSB memory ‘Main' was loaded successfully. 112512016
scanning for devices completed for interface Intel(R) Ethernet Connection 1217-LM. Found 112512016 wEn
Loading completed (errors: 0; wamings: 0). 112512016 [l TR IZD 25D
- v
> | Details view <[ [ > < [ >
4 Portal view =3 Overview | cPu_1s12C
—
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6.8 Download the hardware configuration to the PLCSIM simulation

50

(optional)

— If no hardware is present, the hardware configuration can alternatively be downloaded to a

PLC simulation (S7-PLCSIM).

— To do so, you must first start the simulation by selecting the — "CPU_1512C [CPU1512C-1

PN]" folder and clicking the — "Start simulation” icon.

T Siemens - D:\00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

Project Edit View Insert Online Options Tools Window Help

F N saveprojes & ¥ =l = X D2 BMEER F coonline F coortine | f, M ¢ ]

Totally Integrated Automation
P

RTAL

Project tree m 4
Start simulation
Devices ‘E Topology view @ Network view ||—[|1‘ Device view ‘ Options
oo B Cr s o= T A E T E 8
S [~] = |+ catalog
e vt R [
new device & ) = -
g8y Devices & networks \g\ N E:Hter
- < s, ~[mPm
q P » [ PM 70W 120/230VAC
2 Online & diagnostics ~ [ PM 190W 120/230VAC
I parameters 0 1 2 3 4 5 6 7 [l 6EP1333-4BA00
+ [-g! Program blocks » [ PS
+ [ Technology objects » [ cPU
» i} External source files »[mol
b L3 PLC tags | »@oe
» L] PLC data types he i E. DIDQ
» (55l Watch and force tables NE v L
+ [ig) Online backups ' » [ AQ
+ [ Traces » [ AAQ
5% program info » [l Communications modules
» [if, Device proxy data » [ Technology medules
A PLC alarms » [ Interface medules
E Textlists
+ [ Local modules + | Information
» [g§ Commondata Device: -~
» [5]) Documentation settings E
v [@ Languages & resources
» [ Online access
C
» ¢ Card Reader/USB memory 73 m ,m—m &

fiojeles aiempiey {E

s|003 aUluUQ IE”

sxselqnu

saueIqn E”

> | Details view
4 Portal view =2 Ovenview

| cPu_ts12C
—

S properties |7 Info @ | %) Diagnostics

— The prompt that all other online interfaces will be disabled is confirmed with — "OK".

Online & diagnostics (0626:000002)

b

Starting simulation will disable all

n other online interfaces.

[ Do not show this message again

Pook | | Cancel
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— The "S7 PLCSIM" software is started in a separate window in the compact view.

RLE C:\UsersWMichael... W _ O X

ETRL:
PLC_1 [SIM-1500]

[ ] rRuNISTOP RUN

[ ] ERROR STOP

[] MAINT MRES

IP-Adresse:

— The manager for configuring the connection properties (extended download) opens shortly

thereafter.

Extended download to device X

Configured access nodes of "CPU_1512C"

Device Device type Slot Type Address Subnet
CPU_1512C CPUT512C-1PN 1X1 PNIIE 192.168.0.1 PNIE_1
Type of the PGIPC interface: ﬁ_PNn‘IE [+]
PGIPC interface:  |Please select... [+] ©
Connection to interfacelsubnet: | [~] ©
1st gateway: | |'| ©

Compatible devices in target subnet: Show all compatible devices

Device Device type Type Address Target device

Flash LED

Online status information:

[ Display only error messages
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— First, the interface must be correctly selected. This happens in three steps.

— Type of the PG/PC interface — PN/IE

Extended download to device [X
Configured access nodes of "CPU_1512C"
Device Device type Slot Type Address Subnet
CPU_1512C CPUT512C-1PN 1X1 PNIIE 192.168.0.1 PNIE_1
Type of the PGIPC interface: ﬁ_PNu‘IE [~
PGIPC interface;  Flease select.. ©
Connection to interfacelsubnet: | ©

— PG/PC interface - PLCSIM S7-1200/S7-1500

Extended download to device [X
Configured access nodes of "CPU_1512C"
Device Device type Slot Type Address Subnet
CPU_1512C CPUT512C-1PN 1X1 PNIIE 192.168.0.1 PNIE_1
Type of the PGIPC interface: ﬁ_ PMIIE [+]
FGIFC interface: |l PLCSIM 57-1200/57-1500 [~ ®©
Connection to interfacelsubnet: ;E se select.. ©
PLCSIM
1st gateway: ©

— Connection to interface/subnet — "PN/IE_1"

Extended download to device X

Configured access nodes of "CPU_1512C"

Device Device type Slot Type Address Subnet
CPU_1512C CPUT512C-1PN 1X1 PNIIE 192.168.0.1 PNIE_1
Type of the PGIPC interface: ﬁ_PNu‘IE [+]
PGIFC interface: [l PLCSIM 57-1200/57-1500 [~] ©
Connection to interfacelsubnet: | PN/IE_1 [+ ©

% A tawmE . Please select...
RGNS piectatslot 4 X ©
PNIIE_1
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— The — "Show all compatible devices" check box must then be selected. The search for

devices in the network is started by clicking the — | smrtsearch | ptton,

Extended download to device [X
Configured access nodes of "CPU_1512C"
Device Device type Slot Type Address Subnet
CPU_1512C CPU1512C-1PN  1X1 PNIIE 192.168.0.1 PNIE_1
Type of the PGIPC interface: ﬁ_PNu‘IE [+]
PGIPC interface: [ PLCSIM 57-1200/57-1500 [~] ©
Connection to interfacelsubnet: | PNIE_1 [+] ©
1stgateway: | -] @
Compatible devices in target subnet: [[] showall compatible devices
Device Device type Type Address Target device
- - PNIIE Access address -
Flash LED
Start search
Online status information:
[ Display only error messages
Load | | Cancel
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— If the simulation is shown in the "Compatible devices in target subnet" list, it must be
selected before the download can be started.
(— "CPU-1500 Simulation" — "Load")

Extended download to device b3

Configured access nodes of "CPU_1512C"

Device Device type slot Type Address Subnet
CPU_1512C CPUT512C-1PN 1X1 PNIIE 192.168.0.1 PNIIE_1
]

Type of the PGIPC interface: |—LPNI'|E [+]
PGIPC interface:  |Fl PLCSIM 57-1200/57-1500 -] ®
Connection to interfacefsubnet: [ PN/IE_1 [~ ©
Istgateway: | [~] ©
Compatible devices in target subnet: [ Showall compatible devices
Device Device type Type Address Target device
CPUcommon CPU-1500 Simula.. PNIE 192.168.0.1 CPUcommen
- --- PNIIE Access address ---
[ Flash LED
Start search

Online status informaticn:
i Retrieving device information...
Scan and information retrieval completed.

(< ][N]

[ Display only error messages

r Load | | Cancel |

— You first obtain a preview. Confirm the prompt — "Overwrite all" and continue with

n "
— "Load".
Load preview %
9 Check before loading
Status ! Target Message Action
I & -~ cpuisiac Ready for loading.
1 ~ Protection Protection against unauthorized access
Devices connected to an enterprise network or directly to the
internet must be appropriately protected against unauthorized
access, e.g. by use of firewalls and network segmentation. For
meore information about industrial security, please visit
B http:/hwww.siemens.comlindustrialsecurity
[} Simulated medule  The download will be performed to a simulated PLC.
[} b Software Download software to device Consistent download
[} Text libraries Download all alarm texts and text list texts Consistent download
[<] [Tl [2]
Finish | I Load | ‘ Cancel |
=

Note: The @ symbol should be visible in every line of the "Load preview". You can find

additional information in the "Message" column.
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— The — "Start all" option will be selected next before the download operation can be

completed with — "Finish".

Load results %
e Status and actions after downloading to device
Status ! Target Message Action
. & - cruisiac Downloading to device completed without error.

H ~ Start modules Start modules after downloading to device. M startall
H The module "CPU_1512C" can be started. M start

[<] i ]

Finish | | Load | | Cancel |

— After a successful download, the project view will open again automatically. A loading report

appears in the information field under "General". This can be helpful when troubleshooting

an unsuccessful download.

Siemens - D:\00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

Project Edit View Insert OnTineA Options  Tools Window Help Totally Integrated Automation
Gf (3l saveproject & X 58 09 X D s G B B F coonline ¥ ooffine L, [ IR 2 o [1 PORTAL
012_105_CPU1512C » CPU_1 >
Devices ‘E Topology view Hg%u Network view ||—|]1‘ Device view ‘ Options (=]
" M T
HQOQ d¢ [cPu_1512¢C BN AR = 3|3
&
> ~ | catalog 5
i e & = ;
I Add new device S 6-,'\ y =l
ol N [ Filter Fi
i Devices & networks & Q\)/ - 2
.71 CPUL1512C [CPU1512C:1 PN < ° - @em =
I pevice configuration [ e — i 4 r{l PM 70W 1201230VAC ||
%/ online & diagnostics v ~ @ PM 190W 120/230VAC )
5 Parameters 0 1 2 3 4 5 6 7 ] [l 5EP1333-4BA00 o
» [ Pri blocks i e B
|gt Program bloc| Rail 0 ) . E
» [ Technology objects » [ CPU 1
P N H » (@ DI 3
4 External source files H - s
H @
» [ PLC tags ] » r_{. DQ
v [ PLC data types ' ,—'E. e =1
» (2 Watch and force tables 4 ,—'E.AI j_l'
4 rj’, Online backups d ' ,—'E.AQ 2
"ZTrar_es < II' 100% | —5— a] » [ AllAGQ =
Bk Ii ;
) e O |§. Properiies ||‘_il|nfu H % Diagnostics ‘ ' ,-'E. Corr;mu:mcatlon; TodUIes —
» [, Device proxy data = b [ @ Technology modules LI
B4 PLC alarms J General ” Cross-references || Compile | » [ Interface modules E
) Textlists @m Show all messages - - £
» [ Local modules + | Information 3
» [g# common data 1 | Message Goto |7 Date Device: had ||
» [5] Documentation settings [i] ~ CPU 1512C ”.2___@ E
r: [ Languages & resources [i] } Hardware configuration 12...
D r‘F Online access [] "Main’ was loaded successfully. 1J'2...E
¥ T Card Reader/USE memory L Loading completed (errors: 0; wamings: 0). 12..
> | Details view <]
4 Portal view 3 Overview Iﬁ%ﬂ CPU_1512C
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— The compact view of the PLCSIM simulation has the following appearance. You can switch

back to the project view by clicking the — = icon.

PLC Project10 m _0OX

SiM
EELE

CPU_1512C [CPU 1512C-1 PN]

Il RUN/STOP RUN

ERROR 5TOP
MAINT MRES

Sequence_T1 [~]

IP-Adresse:
192.168.0.1 E

The PLCSIM simulation has the following appearance in the project view.

— You can see the downloaded configuration in the project view by double-clicking

— "Device configuration". You can switch to the compact view of the simulation by clicking

the — ™ icon in the menu bar.

FLC Siemens - C:\Users\WWichael Dziallas\Documents\Simulation\Project10\Project10

Project Edit Execute Options LTooI; Window * Totally Integrated Automation
it Bl seveproject ¥ =5 X WE N ] emll’ $7-PLCSIM V13

~ _7 Froject1o
~ [ CPU_1512C [CPU 1512C-1 PN]
IIY Device configuration ]
» [ SIM tables
= Sequences

AmE

< m 3| [100% S e

o CPU_1512C

Note: Because this is a simulation, you cannot detect errors in the hardware configuration in

this case.
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6.9 Archive the project

— To archive the project, select the — "Archive ..." command in the — "Project" menu.

mens - D:00_TIA_Portal\012_105_CPU1512C\012_105_CPU1512C

LDJE(( Edit View Insert Online Options Tools Window Help Totally Integrated Automation
[ hew WG E R coonine J cooriine & 18 I8 3 =] 1] PORTAL
7% Open... Cr+0 g N
Migrate project.. h12_105 CPU1512C » CPU_1512C [CPU 1512C-1 PN]
Close Crew |& Topology view | Networkview [[f Device view || Options [EE]
M =
 save CrieS e [CpU_1512C [ B ® @D & =] S E
Save as. Ctrl+Shift+5 ) g—
i | Catalog 3
[Erzaeenco ] ) o
2
Retrieve... [ Filter 5
= S
T Card ReaderiUSB memory » 'JIrtM =
T Memory card file » I » Ll PM 70W 120/230VAC | |
R ~ [ PM 190w 1201230vAC  [fg]]
Upgrade Al e | al sl e |2 B Il 6EP1333-48A00 o
B Print... Ctrl+P g » (@ PS B
& Print preview... Lol rmeru H
i -
[ Export module labeling strips... »@ol H
» [@DQ =
D:00_TIA_Portall0..\012_105_CPU1512C » G DID
D00_TIA..J032-200_FB-Programmierung - A Q =
Dil.JFarbmischanlage_TIA_TP700_V13_.. D f B
D:100_TIA_Porta...|Farbmischanlage_Goslar b r{l AQ ;,_
DA00_TIA_Portal\Analog_TanklAnalog_Tank 4 Fi. AIAQ &
D:00_TIA_PortallTIA_..ITIA_Umsteiger001 » (@ Communications modules [ |
D-00_TIA_Portal\Goslar..\Goslar_PID_Test E lwu%—m &l + [ Technology modules (0
D400..1012_201_CPU1516F_ET2005P_EN - T » [l Interface modules E
Exit [@ properties  |%linfo  [&] Diagnostics | 5
¥ [ Local modules [| General | Crossreferences | Compile | v |information 2
HI¥Conmoncats Devics: F
show all messages [=] : |
+ [5) Documentation settings @lﬂ E
» [@ Languages & resources
1 7
» 5 Online access ! Message Goto |? Date
» [ card Reader/USB memory 0 » Hardware configuration
[] ‘Main' was loaded successfully.
- :
<]

v The project 012_105_CPU1512

> | Details view
4 Portal view £ Overview @ CcPU_1512C

— Confirm the prompt to save the project with — "Yes".

Archive project (D104-:000006) %

| Save project?
u

The last saved project will be archived. Do you want to save the project
before archiving to back up the current changes?

— Select a folder where you want to archive your project and save it as a "TIA Portal project
archive" file type. (— "TIA Portal project archive" — "SCE_EN_012-105_Hardware
configuration_S7-1512C..." — "Save")

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 57
SCE_EN_012-105 Hardware Configuration S7-1512C_R1602.docx




SCE Training Curriculum | TIA Portal Module 012-101, Edition 02/2016 | Digital Factory, DF FA

© Siemens AG 2016

6.10 Checklist

58

No. |Description Completed
1 Project was created

2  |Slot 0: Power module with correct order number

3 |Slot 1: CPU with correct order number

4 |Slot 1: CPU with correct firmware version

5 |[Slot 1: Address area of the digital inputs correct

6 |Slot 1: Address area of the digital outputs correct

7 |Slot 1: Address area of the analog inputs correct

8 |Slot 1: Address area of the analog outputs correct

9 |Hardware configuration was compiled without error message

10 |Hardware configuration was downloaded without error message
11 |Project was successfully archived
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7 EXxercise

7.1 Task — Exercise

The hardware configuration of the trainer package SIMATIC CPU 1512C PN with Software,
PM 1507 and CP 1542-5 (PROFIBUS) is not yet fully complete. Insert the following missing module.
Select slot 2 for the communications processor. Set the PROFIBUS address 2 in the properties of the
PROFIBUS interface and network this interface with a "PROFIBUS 1" subnet.
— 1X COMMUNICATION PROCESSOR CP 1542-5 FOR CONNECTING SIMATIC
S7-1500 TO PROFIBUS DP, DPV1-MASTER OR DP-SLAVE, S7 AND PG/OP

COMMUNICATION, TIME SYNCHRONIZATION, DIAGNOSTICS, LESS DATA (ORDER
NUMBER: 6GK7542-5FX00-0XEQ )

7.2 Planning

Plan the implementation of the task on your own.
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7.3 Checklist — Exercise

No. |Description Completed

1 |Slot 2: Communications processor with correct order number

2 |Slot 2: Communications processor with correct

firmware version

3 [Slot 2: PROFIBUS interface networked with subnet

4 |Slot 2: PROFIBUS address correct

5 |Hardware configuration was compiled without error message

6 |Hardware configuration was downloaded without error message

7 |Project was successfully archived
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8 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial
software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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Notes
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Continued training
For regional Siemens SCE continued training, get in touch with your regional SCE contact
siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce
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training purposes for public educational and R&D institutions. Siemens AG does not guarantee the
contents.

This document is to be used only for initial training on Siemens products/systems. This means it can
be copied in whole or part and given to those being trained for use within the scope of their training.
Circulation or copying this training curriculum and sharing its content is permitted within public training
and advanced training facilities for training purposes.

Exceptions require written consent from the Siemens AG contact: Roland Scheuerer
roland.scheuerer@siemens.com.

Offenders will be held liable. All rights including translation are reserved, particularly if a patent is
granted or a utility model or design is registered.

Use for industrial customer courses is expressly prohibited. We do not consent to commercial use of
the training curriculums.

We wish to thank the TU Dresden, particularly Prof. Dr.-Ing. Leon Urbas and Dipl.-Ing. Annett Pfeffer,
the Michael Dziallas Engineering Corporation and all other involved persons for their support during
the preparation of this training curriculum.
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PROCESS DESCRIPTION - SORTING STATION

The "Sorting station” example process is described in the following.

1 Description of functions

1.1 Brief description

The automated sorting station (see Figure 1) is used to separate plastic and metal components. A
component is fed to the conveyor via a chute. The conveyor starts as soon as the component has
been detected. If a component made of metal is on the conveyor, it is detected, transported up to
the height of the metal magazine and pushed by a cylinder into the metal magazine. If no metal is
detected, the component is made of plastic. The plastic component is transported to the end of
the belt, where it falls into the plastic magazine. As soon as a component is sorted, the next
component can be fed.

1.2 Technology diagram

Sortieranlage / Sorting station -~ Zusitrliche Werte
Addonal values
Metall
B4 -85 metal 87
Plastik/
Pt
-89 externer Sellwert Drehzahl/
external marspulated valae speed
50 Wimin (rpm)
-U1 Stelwert Drehzahl/
; mangulated value speed
LN 55 i 3
/i
1.0 mfs Wmen (rpm)
Figure 1: Technology diagram
Schalter der Sortieranlage Automatikbetrieb Handbetrieb / Manual mode
Switches of sorting station Automatic mode -53 Tippbetrieb -M1 vorwarts/
_P1 einfon -P5 gestarletistarted - Manual -M1 forwards
t -Q0 Hauptschalter/Main switch __ -S1 Start/start -54 Tippbetrieb -M1 riickwarts/
- Manual -M1 backwards
-P4 aktiviert/active
-PT ausgefahreniextended
-A1 NOTHALT/E: st -52 St st
NENETE TRy EIT — SopEny -56 Zylinder -M4 ausfahren/
-P2 Hand/manual -P3 Auto/auto - cylinder -M4 extend _P6 eingefahreniretracted
__ -S0 Betriebsart/operating mode -55 Zylinder -M4 einfahren/
— cylinder -M4 retract
Figure 2: Control panel
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1.3 Switching on

The station is switched on with the main switch Q0. Relay KO (main switch "ON") is energized and
provides the supply voltage for the sensors and actuators.

This operating state is indicated by indicator light P1 (main switch on)

1.4 Operating mode selection

Once the station has been switched on, two operating modes are possible: manual mode or
automatic mode. The operating mode is selected using switch SO.

The selected operating mode is indicated by indicator lights P2 (manual mode) and P3 (automatic
mode).

1.5 EMERGENCY STOP

In the absence of feedback from the EMERGENCY STOP (A1), all drives must be stopped
immediately.

When feedback from the EMERGENCY STOP function is present again, the station may only
start up again after another start signal.

Activation of the EMERGENCY STORP is indicated by indicator lights P4 (EMERGENCY STOP
activated).

1.6 Manual mode

The station is set up in manual mode.
1.6.1 Retracting and extending the cylinder

After pushbutton S5 (cylinder M4 extend) is pressed, cylinder M4 is extended. When the front end
position is reached (extended position), the cylinder pauses in this position. After pushbutton S4
is pressed, the cylinder retracts. A change of direction is to be possible at any time. When the two
pushbuttons are pressed simultaneously, no motion should take place.

1.6.2 Conveyor motor in manual mode

With pushbutton S3 (pushbutton manual mode conveyor M1 forwards), motor Q1 (conveyor
motor M1 forwards fixed speed) is moved forward in manual mode. With pushbutton S4
(pushbutton manual mode conveyor M1 backwards), motor Q2 (conveyor motor M1 backwards
fixed speed) is moved backward in manual mode. When the two pushbuttons are pressed
simultaneously, no motion should take place.

For safety reasons, only the preset speed may be used here. Output Q3 (conveyor motor M1
variable speed) must therefore be deactivated.
1.6.3 Initial state

At station start or after release of EMERGENCY STOP, the station must be moved in manual
mode to a defined operating state (initial state). In the initial state, the conveyor is empty and
stopped and the cylinder is retracted.
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1.7 Automatic mode

In automatic mode, the station executes the process (see also Brief description).

1.7.1 Starting and stopping

If the station is in the initial state, automatic mode starts when pushbutton S1 (automatic start) is
pressed. When pushbutton S2 (automatic stop) is pressed, automatic mode is ended again as
soon as the initial state has been reached.

If EMERGENCY STOP has been tripped or the operating mode changed, automatic mode is
ended immediately (without return to the initial state).

The current state is indicated by indicator light P6 (automatic mode started).

1.7.2 Conveyor control

If light sensor B4 (chute occupied) detects a component, the conveyor motor starts. The
component slides onto the transport conveyor and is further conveyed.

If inductive sensor B5 detected a metal component, this is transported up to light sensor B6 (part
in front of cylinder M4). The conveyor is then switched off. As soon as B3 (sensor motor M1
active) no longer supplies a signal, the Cylinder control (see unterhalb) is activated and moves
the component into the metal magazine. As soon as the cylinder is retracted again, the sorting
station is back in the initial state.

If a metal component was not detected by sensor B5, this is recognized when light sensor B6
(part in front of cylinder M4) is reached. The plastic component is then transported to the end of
the conveyor. It is detected there by light sensor B7 and conveyed after a delay time into the
plastic magazine at the end of the conveyor.

1.7.3 Cylinder control

If a metal component reaches light sensor B6 (part in front of cylinder M4) and the conveyor has
stopped, cylinder M4 moves to the front end position B2 (cylinder M4 extended), thereby pushing
the metal component from the conveyor into the metal magazine. Cylinder M4 then moves to the
rear end position B1 (cylinder M4 retracted).

6 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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1.7.4 Speed control (conveyor speed)

In automatic mode, the motor can be moved at a fixed or variable speed.

Fixed speed requires signal "1" at Q1 "Conveyor motor M1 forwards fixed speed” or Q2
"Conveyor motor M1 backwards fixed speed". For variable speed, Q3 "Conveyor motor M1
variable speed" must be activated and a "manipulated value for motor speed" (analog value +/-10
V corresponds to +/- 50 rpm or 10 m/s) must be specified at U1. Signal "1" must not be present at
Q1 "Conveyor motor M1 forwards fixed speed" or Q2 "Conveyor motor M1 backwards fixed
speed". Otherwise, U1 has no effect on the speed of the conveyor.

1.7.5 Speed control

A speed control can be integrated for control of the conveyor speed. This uses the speed sensor
for evaluating the current speed. A speed of 5 rpm corresponds to a conveyor belt speed of 1
m/s.

1.8 Indicator lights

As soon as relay KO (main switch "ON") becomes energized, indicator light P1 (main switch on)
lights up.

If switch SO (mode selector manual/automatic) is set to Manual, the indicator light P2 (manual
mode) lights up. If switch SO is set to Automatic, the indicator light P3 (automatic mode) lights up.

If the EMERGENCY STOP function has tripped, P4 (EMERGENCY STOP activated) lights up.

If automatic mode has been selected and the station is in the initial state, P5 (automatic mode
started) flashes to signal that automatic mode can be started. As soon as automatic mode has
been started, P5 lights up.

Indicator light P6 (cylinder M4 retracted) lights up as soon as end position sensor B1 (sensor
cylinder M4 retracted) has been reached. Indicator light P7 (cylinder M4 extended) lights up as
soon as cylinder M4 has reached the front end position sensor B2 (sensor cylinder M4 extended).
Indicator lights P6 and P7 are not lit if the cylinder is located in neither of the two end positions.
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2 Reference list

By default, the S7-1200 has only 14 digital Inputs, 10 digital outputs, 2 analog inputs und 1
analog output. Therefore, the signals shown in the list with blue text are not available for it.

DI Type Identifier Function NC/NO
10.0 BOOL Al Return signal emergency stop OK NC
10.1 BOOL KO Main switch "ON" NO

. Manual =0
10.2 BOOL SO Mode selector manual (0)/ automatic (1)
Auto=1

10.3 BOOL S1 Pushbutton automatic start NO
10.4 BOOL S2 Pushbutton automatic stop NC
10.5 BOOL Bl Sensor cylinder M4 retracted NO
10.6 BOOL B2 Sensor cylinder M4 extended NC
10.7 BOOL B3 Se_nsor motor Ml active (pulse signal also NO

suitable for positioning)
11.0 BOOL B4 Sensor at chute occupied NO
1.1 BOOL B5 Sensor metal part NO
11.2 BOOL B6 Sensor part in front of cylinder M4 NO
11.3 BOOL B7 Sensor part at end of conveyor NO
1.4 BOOL s3 Pushbutton manual mode conveyor M1 NO

forwards
115 BOOL sa Pushbutton manual mode conveyor M1 NO

backwards
11.6 BOOL S5 Pushbutton manual mode cylinder M4 retract NO
1.7 BOOL S6 Pushbutton manual mode cylinder M4 extend NO

8 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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DO Type Identifier Function
Q0.0 BOOL Q1 Conveyor motor M1 forwards fixed speed
Q0.1 BOOL Q2 Conveyor motor M1 backwards fixed speed
Q0.2 BOOL Q3 Conveyor motor M1 variable speed
Q0.3 BOOL M2 Cylinder M4 retract
Q04 BOOL M3 Cylinder M4 extend
Q0.5 BOOL P1 Display "main switch on"
Q0.6 BOOL P2 Display "MANUAL" mode
Q0.7 BOOL P3 Display "AUTOMATIC" mode
Q1.0 BOOL P4 Display "emergency stop activated"
Q11 BOOL P5 Display "automatic mode started"
Q12 BOOL P6 Display "cylinder M4 retracted"
Q13 BOOL P7 Display "cylinder M4 extended"

Al Type Identifier Function
IW 64 INT B8 Sensor actual value speed of motor +/- 10V
W 66 INT B9 Setpoint specification via potentiometer

+/- 10V

AO Type Identifier Function

QW 64 INT Ul I(\j/il;elen(:tr;g:]zastic;_vilxle speed of motor in 2

Legend for reference list

DI Digital Input DO Digital Output
Al Analog Input AO Analog Output
I Input Q Output

NC Normally Closed

NO Normally Open
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3 Description of components of the station

3.1 Manual operation
3.1.1 Pushbuttons

The utilized pushbuttons can supply either a "0" or "1" signal. Depending on whether you have
planned them as normally-closed or normally-open contacts (see Reference list), they supply a
"1" or "0" signal when not actuated. The signal changes to "0" or "1" only while the pushbutton is
being pressed.

3.1.2 Switches

The utilized switches can also supply either a "0" or "1" signal. Depending on whether you have
planned them as normally-closed or normally-open contacts (see Reference list), they supply a
"1" or "0" signal when not actuated. The signal changes to "0" or "1" when the switch is actuated.
This signal is present as long as the switch is not actuated again.

3.1.3 Feedback from EMERGENCY STOP pushbutton

EMERGENCY STOP pushbuttons are pushbuttons with an additional mechanical lock and are
connected to a safety relay. They thus behave like a switch. The EMERGENCY STOP feedback
from the safety relay is planned as a normally closed contact for safety reasons. If a wire break
occurs, therefore, this feedback is no longer present and the station responds as if an
EMERGENCY STOP has tripped.

3.2 Sensors
3.2.1 Position switches

A main switch is actuated to switch on the station. This energizes a relay and supplies the power
to the station. A position switch provides feedback on the operation of the relay.

3.2.2 Limit switches

The limit switches supply a signal when the cylinder is either fully retracted or extended. The limit
switches are implemented as normally-closed or normally-open contacts.

3.2.3 Light barriers / optical sensors
The light barriers supply a "1" signal as soon as an object is in the sensing range.
3.2.4 Metal detection / Inductive sensor

The inductive sensor supplies a "1" signal as soon as a metallic object enters its sensing range.
In the case of non-metallic objects, the signal remains at "0".
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3.2.5 Motor speed

The motor speed is recorded by an incremental encoder at the conveyor motor and provided as
an analog value via a transducer. The speed falls within the range from -50 rpm to 50 rpm. That
corresponds to a conveyor belt speed of -10 m/s to +10 m/s.

In addition, pulses are received at "Sensor conveyor motor M1 active" that can also be used for
positioning. The resolution is 20 pulses per total conveyor belt length (10 m).

3.3 Actuators
3.3.1 Conveyor motor

The conveyor motor drives the conveyor belt. It has multiple signal combinations so that the
conveyor belt can be moved at fixed or variable speed in both directions.

Fixed speed requires signal "1" at Q1 "Conveyor motor M1 forwards fixed speed” or Q2
"Conveyor motor M1 backwards fixed speed". For variable speed, Q3 "Conveyor motor M1
variable speed" must be activated and a "manipulated value for motor speed" (analog value +/-10
V corresponds to +/- 50 rpm or 10 m/s) must be specified at U1. Signal "1" must not be present at
Q1 "Conveyor motor M1 forwards fixed speed"” or Q2 "Conveyor motor M1 backwards fixed
speed". Otherwise, U1 has no effect. Simultaneous activation of signals Q1 and Q2 causes the
conveyor to stop and must be prevented by the control program.

3.3.2 Cylinders

Cylinder M4 is controlled using two separate signals. Activation of one signal (M3) causes the
cylinder to extend and activation of the other signal (M2) causes the cylinder to retract. The
signals must not be activated simultaneously, otherwise an undefined state occurs and the
cylinder pauses at its position. This must be prevented by the control program.

3.3.3 Displays

All indicator lights are located on the control panel. If signal "1" is present, these indicator lights
illuminate.
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4 Brief description of the simulation

The simulation of the sorting station consists of 9 diagrams. The 01_Operating screen diagram is
important for operation (see Figure 3), which contains the control panel and a representation of
the station.

1
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Sortieranlage / Sorting station e Zusiitzliche Werte
Additional values
-64 -85 :2:_:;” -B7
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external manipulated value speed
5.0 U/min (rpm)

o4

[ umuauodu

ovplod | qyesn | sone | sjoaue)

-B3 Motor aktiv/ =
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10 mfe U/min (rpm)
Schalter der Sortieranlage Automatikbetrieb Handbetrieb / Manual mode
Switches of sorting station Automatic mode —  -53 Tippbetrieb -M1 vorwarts/
P einjon PS gestarieUstaried (S Manual -M1 forwards
D -Q0 Hauptschalter/Main switch __ -51 Start/start -54 Tippbetrieb -M1 riickwérts/
= Manual -M1 backwards
-P4 aktiviert/active
-PT ausgelahren/exiended
[0 -At noOTHALT/Emergency stop __ -S2 Stoppfstop o Tiider M ey
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__ -S0 Betriebsart/operating mode -5 Zylinder -M4 einfahren/
= cylinder -M4 retract
Eigenschaften
Figure 3: The operating screen
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Figure 4 shows the 02_SimControl diagram. It allows important simulation settings to be made.
The first settings affect the creation of the components. Here, you can select between automatic
and manual creation of components. With automatic creation of components, a new component is
always created and sent to the station when the previous component has been sorted. A single
component is created with manual creation of components. The next settings allow you to specify
whether a metal component or plastic component will be created. The following selections are
available: Produce only metal components, Produce only plastic components and Randomly
produce metal or plastic components Only one of the three options should be selected.

3] 100% T & & o Ui

| L

Bauteile erzeugen/ Create components
9 P Nur eine Option pro Feld auswahlen!/ Choose only one option per field!

| uajuauodwoy u

Automatisch oder manuell/ Automatic or manual

Automatisch Bauteile erzeugen/ Automatic creation of components

EI‘- =1 New component

Manuell 1 Bauteil erzeugen/ Manual creation of 1 component .

1

Sjonuo)

nur Metallbauteile erzeugen/ Produce only metal components

Metallbauteile/ Metal components

__ b——pMetal_comp

sonjep

nur Plastikbauteile erzeugen/ Produce only plastic components

Plastikbauteile/ plastic components

__ P——PpPlastic_comp

AYeIn

zuféllig Metall- oder Plastikbauteile erzeugen/ Randomly produce metal or plastic components

zufalligirandomly

EHRand_(ump

Manuelle Vorgabe eines analogen Wertes/ Manual specification of an analogue value (EW66)

apploid

-B9 externer Stellwert Drehzahl/ external manipulated value speed

Wenn -B9 nicht bendtigt wird, kann dieser analoge Wert fir andere
5.0 [  Zwecke wiederverwendet werden.
If -B9 is not used the analogue value may be reuse for other purpose.

Riicksetzen der Bauteilposition/ Reset of component position

ajeubig

Manuelles Riicksetzen/ Manual reset

P—manual_reset

Eigenschaften

Figure 4: Simulation control

In the "Manual specification of an analog value" area, a value between -50 and +50 can be set for
input word IW 66 (see Reference list). This corresponds to an input voltage of -/+10 V. This value
is then converted to a digital value between -27648 and +27648 and is thus available as an

analog input value.

The last setting concerns the manual resetting of the current component. This resets the position
of the component and a new component can be created.
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Notes
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BASICS OF FC PROGRAMMING

1 Goal

In this chapter, you will get to know the basic elements of a control program — the organization
blocks (OBs), functions (FCs), function blocks (FBs) and data blocks (DBs). In addition, you
will be introduced to library-compatible function und function block programming. You will get to
know the Function Block Diagram (FBD) programming language and use it to program a
function (FC1) and an organization block (OB1).

2 Prerequisite

This chapter builds on the hardware configuration of SIMATIC S7 CPU1516F-3 PN/DP. However,
other hardware configurations that have digital input and output cards can be used. You can use
the following project for this chapter, for example:

SCE_EN_012_101__ Hardware_Configuration_CPU1516F.zap13

3 Theory

3.1 Operating system and application program

Every controller (CPU) contains an operating system, which organizes all functions and
processes of the CPU that are not associated with a specific control task. The tasks of the
operating system include the following:

—  Performing a warm restart

— Updating the process image of the inputs and outputs

— Cyclically calling the user program

— Detecting interrupts and calling interrupt OBs

— Detecting and handling errors

— Managing memory areas

The operating system is an integral component of the CPU and comes pre-installed.

The user program contains all functions that are necessary for executing your specific
automation task. The tasks of the user program include the following:

— Checking the basic requirements for a warm restart using startup OBs

— Processing of process data, i.e. activation of output signals as a function of the input signal
states

— Reaction to interrupts and interrupt inputs

— Error handling during normal program execution

4 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.2 Organization blocks

© Siemens AG 2016

Organization blocks (OBs) form the interface between the operating system of the controller
(CPU) and the application program. They are called from the operating system and control the

following operations:

— Cyclic program processing (e.g. OB1)

— Startup characteristics of the controller

— Interrupt-driven program processing

— Error handling

A project must have an organization block for cyclic program processing at a minimum. An
OB is called by a start event as shown in Figure 1. In addition, the individual OBs have defined

priorities so that, for example, an OB82 for error handling can interrupt the cyclic OB1.

Startup routine

OB 100 Warm
restart ...

Cyclic program
processing

OB1

Interruption

Interruption

A

Interrupt-driven

program processing

0B 10...17
OB 56

ON (Run)

> Cycle
Interrupt

Error
Operating system

Figure 1: Start events in the operating system and OB call
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3.3

When a start event occurs, the following reactions are possible:

— Ifan OB has been assigned to the event, this event triggers the execution of the assigned
OB. If the priority of the assigned OB is greater than the priority of the OB that is currently
being executed, it is executed immediately (interrupt). If not, the assigned OB waits until the

higher-priority OB has been completely executed.

— If an OB is not assigned to the event, the default system reaction is performed.

Table 1 gives a couple of examples of start events for a SIMATIC S7-1500, their possible OB
number(s) and the default system reaction in the event the organization block is not present in the

controller.

Start event Possible OB Default system
numbers reaction

Startup 100, > 123 Ignore
Cyclic program 1,>123 Ignore
Time-of-day interrupt 10to 17, > 123 -
Update interrupt 56 Ignore
Scan cycle monitoring time 80 STOP
exceeded once
Diagnostic interrupt 82 Ignore
Programming error 121 STOP
/0 access error 122 Ignore

Table 1: OB numbers for various start events

Process image and cyclic program processing

When the cyclic user program addresses the inputs (1) and outputs (O), it does not query the
signal states directly from the input/output modules. Instead, it accesses a memory area of the
CPU. This memory area contains an image of the signal states and is called the process image.
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The cyclic program processing sequence is as follows:

1. At the start of the cyclic program, a query is sent to determine whether or not the individual
inputs are energized. This status of the inputs is stored in the process image of the inputs (PII).
In doing so, the information 1 or "High" is stored for energized inputs and the information O or
"Low" for de-energized inputs.

2. The CPU now executes the program stored in the cyclic organization block. For the required
input information, the CPU accesses the previously read process image of the inputs (PIl) and
the results of logic operation (RLOs) are written to a so-called process image of the outputs
(PIQ).

3. Atthe end of the cycle, the process image of the outputs (PIQ) is transferred as the signal
state to the output modules and these are energized or de-energized. The sequence then

continues again with Iltem 1.

1. Save status of inputs in PII.

PLC program in the Pli

program memory

2. Processing the Local data

> ) 1st instruction
program instruction-by-

instruction with access 2nd instruction -
' i it memor
to PIl and PIQ 3rd instruction y

4th instruction

Data blocks

PIQ

Last instruction

3. Transfer status from the PIQ to the outputs.

Figure 2: Cyclic program processing

Note: The time the CPU needs for this sequence is called cycle time. This depends, in turn, on
the number and type of instructions and the processor performance of the controller.
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3.4 Functions

Functions (FCs) are logic blocks without memory. They have no data memory in which values of
block parameters can be stored. Therefore, all interface parameters must be connected when a
function is called. To store data permanently, global data blocks must be created beforehand.

A function contains a program that is executed whenever the function is called from another code
block.

Functions can be used, for example, for the following purposes:
— Math functions — that return a result dependent on input values.
— Technological functions — such as individual controls with binary logic operations.

A function can also be called several times at different points within a program.

Organization block

Main [OB1]

Calls the » | Function
MOTOR_MANUAL MOTOR_MANUAL
[FC1] function [FC1]

Contains a program for
controlling a conveyor
in manual mode, for
example.

The function has no

memory.
Figure 3: Function with call from organization block Main [OB1]
8 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.5 Function blocks and instance data blocks

Function blocks are code blocks that store their input, output and in-out tags as well as static tags
permanently in instance data blocks, so that they are available after the block has been
executed. For this reason, they are also referred to as blocks with "memory".

Function blocks can also operate with temporary tags. Temporary tags are not stored in the
instance DB, however. Instead, they are only available for one cycle.

Function blocks are used for tasks that cannot be implemented with functions:
— Whenever timers and counters are required in the blocks.

— Whenever information must be saved in the program, such as pre-selection of the operating
mode with a button.

Function blocks are always executed when called from another code block. A function block can
also be called several times at different points within a program. This facilitates the programming
of frequently recurring complex functions.

A call of a function block is referred to as an instance. Each instance of a function block is
assigned a memory area that contains the data that the function block uses. This memory is
made available by data blocks created automatically by the software.

It is also possible to provide memory for multiple instances in one data block in the form of a
multi-instance. The maximum size of instance data blocks varies depending on the CPU. The
tags declared in the function block determine the structure of the instance data block.

Instance data block
MOTOR_AUTO_DB1

Organization block [DB1] as memory

Main [OB1] : for the call of
Function block function block

Calls function block —p | MOTOR_AUTO [FB1] | \\5TOR AUTO

MOTOR_AUTO [FB1] _ [FB1] -

together with its Contains a program for

instance data block controlling a conveyor

MOTOR AUTO DB1 in automatic mode, for

DB1] - example

The function block
uses instance data
block
MOTOR_AUTO_DB1
[DB1] as memory in
this call.

N

Figure 4: Function block and instance with call from organization block Main [OB1]
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3.6 Global data blocks

In contrast to logic blocks, data blocks contain no instructions. Rather, they serve as memory for
user data.

Data blocks thus contain variable data that is used by the user program. You can define the
structure of global data blocks as required.

Global data blocks store data that can be used by all other blocks (see Figure 5). Only the
associated function block should access instance data blocks. The maximum size of data blocks
varies depending on the CPU.

Function_10

Global DB

(DB_Global) Access for all blocks

Function_11

Function_ / Instance DB

Access only for function data block_12

block_12 (DB_Instance)

Figure 5: Difference between global DB and instance DB.

Application examples for global data blocks are:
— Saving of information about a storage system. "Which product is located where?"

— Saving of recipes for particular products.

10 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.7 Library-compatible code blocks

A user program can be created with linear or structured programming. Linear programming
writes the entire user program in the cycle OB, but is only suitable for very simple programs for
which other less expensive control systems, such as LOGO!, can now be used.

Structured programming is always recommended for more complex programs. Here, the overall
automation task can be broken down into small sub-tasks in order to implement a solution for
them in functions and function blocks.

In this case, library-compatible logic blocks should be created preferentially. This means that the
input and output parameters of a function or function block are defined generally and only
supplied with the current global tags (inputs/outputs) when the block is used.

MOTOR_MANUAL

Marne Data type Default value Comment

1 40 ™ Input -
2 0= Manual_rmode_sctive Baol ,’g] Manual mode activated :
3 = Pushbutton_manual_mode Bool Pushbutton manual mode conveyoron =_
4 4 = Enable_0OK Bool All enable conditions OK
5 4@n Safety_shutoff_active Bool Safery shutoff active e.g. emergencystop cperated
6 40 > Output
T 40 = Conveyar_motar_manual.. Bool Control of the conveyor moter in menual mode :

(<]

1l | »
| L, ==

v Block title: [~

w Conveyor motar in manusl mode: [fthe pushbutton_manual_mode is operated, the enable
conditions are granted and the safety shutoff is not activated the output
Conveyor_motor_manual_mode is activated

¥  Network 1: Centrol ofthe conveyor motor in manusl mode

#Manual_mode_
active

#Pushbutton_

#Conveyor_
manual_maode motor_manual_
#Enable_OK mode

#Safety_shutofi_

active 3 — =

v
poos s
» Biock title: “Main Program Sweep (Cycle)®
»  Network 1: Control conveyor motor forwards in manual mode
»: P Control conveyor motor backwards in meanual mode
WY
"MOTOR_MANUAL"
& —=—EN
o 0.2 Manual_
KD — "50" — mode_active
?'m'? Pus hbutton_
S s manual_
W4 *-54" — mode CDJ':‘:'ED%E:—
"HIT—l Enable_OK manua |: 001
WO  Safery mode — *-Q2°
*-A1" — shutoff_active ENO —
Figure 6: Library-compatible function with call in OB1
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3.8 Programming languages

The available programming languages for programming functions are Function Block Diagram
(FBD), Ladder Logic (LAD), Statement List (STL) and Structured Control Language (SCL). For
function blocks, the GRAPH programming language is additionally available for programming
graphical step sequences.

The Function Block Diagram (FBD) programming language will be presented in the following.

FBD is a graphical programming language. The representation is based on electronic switching
systems. The program is mapped in networks. A network contains one or more logic operation

paths. Binary and analog signals are linked by boxes. The graphical logic symbols known from

Boolean algebra are used to represent the binary logic.

You can use binary functions to query binary operands and to logically combine their signal
states. The following instructions are examples of binary functions: "AND operation”, "OR
operation" and "EXCLUSIVE OR operation". These are shown in Figure 7.

Network 1: AND-Operation #el #el| #al
0 0 0
& #01
#1— o 0 1 0
B2 —t — = 1 0 0
1 1 1

#el #e2| #a2

Network 2: OROperation

0 0 0
==1 k2 0 1 1
. = 1 0| 1
#12— sk _— (. . 1 N
#el #He2| #a3
Network 3: EXCLUSIVE OR-Operation 0 0 0
x #0Q3 0 1 1
#1— 5 1 0 1
#12 —sp —_— —_ 1 1 0

Figure 7: Binary functions in FBD and associated logic table

You can thus use simple instructions, for example, to control binary outputs, evaluate edges and
execute jump functions in the program.

Program elements such as IEC timers and IEC counters provide complex instructions.

The empty box serves as a placeholder in which you can select the required instruction.

Enable input EN (enable)/ Enable output ENO (enable output) mechanism:

— Aninstruction without EN/ENO mechanism is executed independent of the signal state at the

box inputs.

— Instructions with EN/JENO mechanism are only executed if enable input "EN input has signal
state "1". When the box is processed correctly, enable output "ENO" has signal state "1". As
soon as an error occurs during the processing, the "ENO" enable output is reset. If enable

input EN is not connected, the box is always executed.
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4 Task

The following functions of the sorting station process description will be planned, programmed
and tested in this chapter:

— Manual mode — Conveyor motor in manual mode

5 Planning

The programming of all functions in OBL1 is not recommended for reasons of clarity and
reusability. The majority of the program code will therefore be moved into functions (FCs) and
function blocks (FBs). The decision on which functions are be moved to FCs and which is to run
in OB 1 is planned below.

5.1 EMERGENCY STOP

The EMERGENCY STOP does not require a separate function. Just like the operating mode, the
current state of the EMERGENCY STOP relay can be used directly at the blocks.

5.2 Manual mode — Conveyor motor in manual mode

Manual mode of the conveyor motor is to be encapsulated in a function (FC)
"MOTOR_MANUAL". On the one hand, this preserves the clarity of OB1. On the other hand, it
enables reuse if another conveyor belt is added to the station. Table 2 lists the planned

parameters.
Input Data Comment
Manual_mode_active BOOL Manual mode activated
Pushbutton_manual_mode BOOL Pushbutton manual mode conveyor on
Enable_OK BOOL All enable conditions OK

BOOL Safety shutoff active, e.g. emergency stop

Safety shutoff_active
pressed

Output

Conveyor_motor_manual_mode | BOOL Control of the conveyor motor in manual
B — B mode

Table 2: Parameters for FC "MOTOR_MANUAL"

Output Conveyor_motor_manual_mode is ON as long as Pushbutton_manual_mode is pressed,
manual mode is activated, the enable conditions are OK and the safety shutoff is not active.
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6 Structured step-by-step instructions

You can find instructions on how to carry out planning below. If you already have a good
understanding of everything, it will be sufficient to focus on the numbered steps. Otherwise,

simply follow the detailed steps in the instructions.

6.1 Retrieve an existing project
— Before we can start programming the function (FC) "MOTOR_MANUAL", we need a project

with a hardware configuration (e.g. SCE_EN_012_101_Hardware_Configuration_S7-
1516F R1502.zap). To retrieve an existing project that has been archived, you must select

14

T Siemens
|Projeu:t Edit View Insert Online Optons T

o
| 3F New...

5| 3 Open... Crl+0
Migrate project...

CE
Delete project... Crrl+E
rchive
B Card Reader/USE memory b
T Memoarycard file »

DlAutomation013_10..1013_101_CPU314C
Ddutomationlo12_10..1012_101_CPU1516F
D:Worlagenprojekt_Webserv...iTank_V13_SP1
D..\032-200_FB-Programmierung_57-314 .
DAutomatisi..\012-100_CPU1500_V13_SP1

Exit

the relevant archive with — Project — Retrieve in the project view Confirm your selection

with Open. (— Project — Retrieve — Select a .zap archive — Open)

— The next step is to select the target directory where the retrieved project will be stored.

Confirm your selection with "OK". (— Target directory — OK)
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6.2 Create a new tag table

— In the project view, navigate to the — PLC tags of your controller and create a new tag table

by double-clicking — Add new tag table.

Froject Edit View Insert Online Options Tools Window Help

.jE BESEVEP'DIEG qi M= X D P!Fﬂjj oy o @r & Goonline ¥ Goi

Project tree m 4
Devices

L1 2

~ | ]012_101_CPU1516F By

B ~dd new device
gy Devices & networks
~ [l CPU_1516F [CPU 1516F-3 PN/DF]
1Y Device configuration
%] Online & diagnostics
!—:EL Program blocks
[ Technology objects
External source files
E FLC tags
g showall tags
‘”" Add new tag table
%’ Standard-Variablentabelle [54]
[ PLC data types =
[z Watch and force tables
Online backups

{ = v

* vy v v
&l

b

Traces

v
=

Program info

Device proxy data

[ el

PLC alarms
E] Text lists
» [ Local modules
v [g§ Commaon data

— Rename the tag table you just created as "Tag_table_sorting_station" (— right-click

"Tag_table_1" — "Rename" — Tag_table_sorting_station).
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Siemens - DAAutomationy0l 2_.1 01_CPU15

Project Edit View Insert Online Options Tools Window Help
it % B save project ﬁ}{, HEX 5 0 EER F coonline g cooffi
Project tree m 4

Devices

)|

* | 1012 101 CPUIST6F
EF Add new device
# Devices & networks
o l_f. CPU_1516F [CPU 1516F-3 PN/DP]
[l Device configuration

9| Online & diagnostics

[ Frogram blocks
% Technology objects
External source files
h_d PLC tags
%g Showall tags
‘lé Add new tag table
22 standard-Variablentabelle [54]
<L Toq abie zortng ston 0]
» PLC data types
b [l Watch and force tables
]
]

i v v

[& online backups

o
=5 Traces

&g Frogram info

Project Edit View Insert Online Opfions Tools Window Help

Cf DYl swveproject & Y

Totally Integrated Automation
EHX s Z M E R F coonline FGootiine o A 2 (] PORTAL

012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags b Tag table sorting station [0]

| Devices <@ Tags | User constants

BT

22 BT =1

5}

sysej kil

Tag table_sorting station
~ ] 012_101_CPUI516F Name Data type Address Retain |Visibl... |Acces.. Comment
B Add new device 1 <Add news (5] & ™
gh Devices & networks
~ [} CPU_1516F [CPU 1516F-3 PN/DP]
BY Device configuration
%! Online & diagnastics
» [ Program blacks
b [ Technology objects
» [ Extemal source files
v [& PLCtags
i showall tags
B Add new tag table
3 Standarderiablentabelle [54]
9 Teg table_soning stson {0]
» L PLC data npe
» 3l Watch and force tables QA Properties  |filnfo [ % Diagnostics |
» [ig) Online backups
b [ Traces
B Program info
v [if. Device proxy date

IE3|

EI |

J General |
T [l

[3]

Tag

A PLC alarms General
g Text lists i
» [ Local modules F
» gf common data | g Data type: | Il
NI ity
~ | Details view | Address: |
[ Retained

Name: |

Comment: | | =

Datatype  Comment Name

4 Portal view F=] Overview |55 Teqg table.so...
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6.3 Create new tags within a tag table
— Add the name Q1 and confirm the entry with the Enter key. If you have not yet created
additional tags, TIA Portal now automatically assigns data type "Bool" and address %I10.0 (I

0.0) (— <Add> — Q1 — Enter).

...rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags *» Tag table sorting station [1] - X

< Tags || E User constants

FE DT =
Tag table_sorting station
MName Data type  Address Retain | Visibl... Acces.. Comment
2 ¥

— Change the address to %Q0.0 (Q 0.0) by entering this directly or by clicking the drop-down
arrow to open the Addressing menu, changing the operand identifier to Q and confirming

with Enter or by clicking the check mark. (— %I10.0 — Operand identifier - Q — )

..rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [1] - X

|-ﬂ Tags ||IE User constants |

S A R
Tag table_sorting station
Name Data type  Address Retain | Visibl... Acces.. Comment
1 a Qi Bool [E|%i00 [+] )] )]
- il Operand identifier: !I i-l
Operand type: 'Q—
Address: M

Bitnumber: |D |

(x|

— Enter the "Conveyor motor M1 forwards fixed speed" comment for the tag.

...rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [1] - X

- |@ Tags |@ User constants ||
@2 B %7 i =]
Tag table_sorting station
MName Data type  Address Retain  Visibl... Acces.. Comment
1 a1 Bool [ig)] %go0 [+] [wl M [conveyor motor 1 forwards fired speed
2 <Add news [;] p]
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— Add a new Q2 tag in line 2. TIA Portal has automatically assigned the same data type as in

line 1 and has incremented the address by 1 to %Q0.1 (Q0.1). Enter the comment

"Conveyor motor M1 backwards fixed speed".

(— <Add> - Q2 — Enter -» Comment — Conveyor motor M1 backwards fixed speed)

- WX

..rogramming » CPU_1516F [CPU 1516F-3 PNIDP] » PLCtags » Tag table_sorting station [2]

| Tags |® User constants |

& B T

Mame
1 4 Q1
2 < Q2

Tag table_sorting station

Data type  Address
Bool %Q0.0
Bool [E] %Q0.1

Visibl..
- &
52 v &

M ™

Retain

6.4 Import "Tag_table_sorting_station"

— Toinsert an existing symbol table, right-click on an empty field of the created

. Comment

conveyor motor -M1 forwards fixed speed

conveyer motor M1 backwards fied speed|

"Tag_table_sorting_station". Select "Import file" in the shortcut menu.

(— Right-click in an empty field of the tag table — Import file)

T4 Siemens - D:\Automation\032_100_FC-Programming\032_100_FC-Programming

Prt:]e(( Edt View [nicr Onfe Optons Tosl: Window tielp Totally Integrated Automation
U (R saveproje & X = 5 X D2 &) MHG & & coonline ¥ Gooffline 2 meE o] PORTAL
..sogramming » CPU_1516F [CPU 1516F-3PN/DP] » PLCtags b Tag table_sortingstation[2] — i) B X
Devices |@ Tags |2 Userconstants || Options =
- T = 13
QO FE 5 T = dE
Tag table_sorting station ~ | Find and replace i
~ [ ] 032_100_FC-Programming =] Name Data type Address Retain  Visibl.. |Acces. |Comment =1
B¢ ~dd new device | a o gool %00.0 ~ M  conveyor motor w1 forwards fixed speed Find- u;'
: — =
£ Devices & networks @ Q2 Beal %Q0.1 = M  conveyor motor W backwards fixed speed L | s
~ ([} CPU_1516F [CPU 1516F-3 PNIDP| <A 1 Ell B 7 2] 3 5
1Y Device configuration - ¥ Insert row a
%! Online & diagnostics F Add row [[] Match case ||
¥ I Program blacks
» L@ Technoloay objects
b g} Extemal source fles
~ (@ FLCtags
R e L <
< shewsll tags Rename F2
[ ~dd newtag teble
2 StandardVariablentabelle [54]
'35 Tag table_soring ctstion (2] 2 ponitor all
U s
» [ Wiatch and force tables Faparttin @ oo
» [} Online backups
» [ Tmces g Properties Oup
2§ Program info T [ ind
~ | Details view Replace with:
[ =
Data type Comment Name eplac
Bocl conveyorm... @@ Q1
Bool conveyorm__ @ Q2
L<] il >
< [ [> |4 Properties  [*,info 4| % Diagnostics |

4 Portal view

Sy Tag table_so...
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— Select the desired symbol table (e.g. in .xIsx format) and confirm the selection with "Open".

(— SCE_EN_020-100_Tag_table_sorting_station... — Open)

— When the import is finished, you will see a confirmation window and have an opportunity to

view the log file for the import. Click — OK.

Import completed with warnings (0032:000031) X

I Import completed with warnings.
"

Detailed informetion is shown in the import log
file.

Click here to view the log file.

o)
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— You can see that some addresses have been highlighted in orange. These are duplicate

addresses and the names of the associated tags have been numbered automatically to

avoid confusion.

— Delete the duplicate tags by selecting the lines and pressing the Del key on your keyboard or

by selecting "Delete" in the shortcut menu.

(— Right-click on selected tags — Delete)

10_FC-Programmingi032_100_

agramming

Project  Edit

View  Insent

3 [ save project 5

Online  Opticns  Tools Window Help

i Zx 9 B\ E B R ¥ coonline F Gociiine &

Devices

032_100_FCProgramming » CPU

e

Totally Integrated Automation

1516F-3 PNIDP] » PLCtags » Tag table_sorting stati

PORTAL
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e B Add new device [ Bool |2 %000 |+ ™ ¥ conveyor motor 141 forwards fed speed LL.J:'
&, Devices & networks Real  mnn =] ¥ conveyar motor i backwards fixed speed i =
~ [ CPU_1516F [CPU 1516F-3 PN/DP] [=] M rewrn signal emergency stop ok (nc) ES
Y Device configurstion - @ @ mainswitch 0N (o) H
% Online & diagnostics Cul<x -~ M  mode selecter manual(0} | sutomatic(1) =
¥ [ Program blocks Carl+C (=] M  pushburton sutomatic start (no)
+ [3 Technology objects te Cerl+ =] M  pushbumon autematic step (ne) =
¥ [z} External source files B [~ [  sensorcyinder A4 retracted (nc)
= [& FLCuags 5 £ -~ M  sensorciinder 44 extended (nc)
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Lo oo ~ ~ig ‘g 1 Bool %00.0 [~} [  conveyor motor A1 forwards fixed cpeed
~ | Details view 0 a 2 Bool %001 @ @  conveyormotor M1 backwards fed speed
2 @ a3 Bool %00.2 =] M  conveyormotor M1 varisble speed
Detstype | Comment. | Name 22 @ M2 Boel %Q0.3 - M cylinder 14 retrace
Ecel comveyorm... € Q1 [a]22 @ & gocl %004 ~ M cylinder -4 extend
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— You now have a complete symbol table of the digital inputs and outputs in front of you. Save

your project under the name 032-100_FCProgramming.

(— Project —» Save as ...—032-100_FCProgramming — Save)

saueIqi]

Proij i I Took Hel i
roect Edit View Inserc Online Options Teols \denw elp 7 ‘ Totally Integrated Automation
fiNew i D B MG B R F coonline F Gootfine o MM 3¢ ] PORTAL
i Open_ - - =
Megrite project: 012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table_sorting station [28]
Close Cerlsw a1 Tags ”-El User constants
|5 T PEBTH E]
Save o Curl=Shift=5
- Tag table_sorting station
Delete project. Cul.€ ~ Name Data type | Address Acces. | Comment
Akl - B Bl Bl 4 = s ————
! 1 @ M Baal =] ¥ return signal emergency stop ok (nc) ~
ol 2 a o Bocl %I0.1 ] M mainswitch ,ON* (no}
S Card ReaderlUSE memory » s @ =so Baol %I0.2 =] M mode selector manual(D) / sutomatic(1}
S Memorycard file b i a s Baal %03 (=] M  pushbuston automatic start (na)
Upgrade 5 @ =2 Baol %104 e @  pushbutton automasic stop (nc}
B o =l a = Boal %I0.5 =] M sensercylinder M4 retracted (ne)
vint... 1l
i i @ B2 Bacl =I0.6 =] M sensor cylinder M extended (nc) =
£\ Frint preview. <
= s 8 @ o3 Boal %07 M & sensormotor-Mi actice (pulse signal for .
Dilfutemationi012_10..1012_101_CPUTSTSF el a B4 Bal =10 =] M  sensorpartatslide (no)
ClUsersispelDo..1032_100_FC-Programming R ool i1t = B sensormetal part(no)
PLsomatoniO 3 10, 013101 CRURIAC Ly @ s Bool %12 M B sensorpartinfront ofcyfinder M (no)
Divoragenproekt Websen. Yiank Vi3 sk1 iZ @ 7 Boal =13 M &  sensorpartatend of conveyor (no)
31072 200 FO Pragmmime g ST A0 = @ s3 Bool =14 =] #  pushbumon manual mede conveyor —hl =
DAAutomatisi_1012-100_CPUT500_V13_SP1 - 2 = s i
4 @ se Baol %15 =] #  pushbutten manual made conveyor =1 .
Exit 5 @ =5 Boal %16 M M  pushbumen manual made cylinder -4 re..
» i Online backups 16 @ =s6 Bool %17 =] M  pushbutten manual mode cylinder 1 ex..
» (55 Traces woa o Baol %Q00 =] M conveyor matar i forwards fixed speed
% Frogram info B @ Q2 Baol %Q0.1 (=] @  conveyor motor W backwards fixed speed
» [l Device proxy data 19 @@ Q3 Bool %002 =] M  conveyor motor M1 variable speed
[ FLCslarms. 0 @ e Bool %Q03 = M cylinder-nd retract
B Textlists I @ e Bacl %Q04 =] M  cylinder M4 extend
v [ Local modules 2 a Bacl %Q05 =] M  display.main switch on”
+ [gi Comman dats E = a w2 Bacl %Q06 =] [  display,manual mode*
S = v
F—— 2% @ 3 Boal Q07 =] @  display.automatic mode*
[ Details view 5 @ e Bocl %Q1.0 =] @ display.emergency stop activated” |
& agn  pe Egol Q11 ] S8 disolay cuiomaric mode ciaged -
Datatype  Comment Mame '] Properties  |Ti}Info 1) | %l Diagnostics |
4 Port W
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6.5 Create function FC1 "MOTOR_MANUAL" for the conveyor motor

in manual mode
— In the PLC programming section of the portal view, click "Add new block" to create a new

function.

=,

(— PLC programming — Add new block —

T4 Siemens - D:\Automation\032_100_FC-Programming032_100_FC-Programming WX

Totally Integrated Automation
PORTA

bisute; &l Add new block

@ Show all objects Name:

Elock_1 |
@ Add new block
e | Language: SCL -|
programming
- Number: [ B
otion & Organiztion () Menual
block

(@) Autematic

sreferences 'FEI Description:

i Functions are code blocks or subroutines without dedicated memory.
Function black

-

Function

Data black

gram structure

More...

> | Additional information

[ Add new and apen

b Project view Opened project: D:\Automation\032_100_FC-Programming\032_100_FC-Programming
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— Rename your new block to: "MOTOR_MANUAL", set the language to FBD and keep
automatic assignment of the number. Select the "Add new and open" check box. You are
then taken automatically to your created function block in the project view.Click "Add".

(— Name: MOTOR_MANUAL— Language: FBD — Number: Automatic — ¥ Add new and
open — Add)
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block you just added.

programming view.

6.6 Define the interface of function FC1 "MOTOR_MANUAL"

— If you selected "Add new and open", the project view opens with a window for creating the

— You can find the interface description of your function in the upper section of your

...» CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_MAMNUAL [FC1] - il X

MOTOR_MANUAL

< ¥ Input

|l <Add news
4 ¥ Output

<@ ¥ InOut
4 ¥ Temp
B <Add new>
< * Constant
0 L] <Add new>
1 4 ¥ Rewum
MOTOR_MANUAL Void

il - O - < S TR~ TR, S S eV S
L]
L

=t
¥
]

G FE b =AEC8@:EHY CeaaB s &K I

Name Data type Default value Comment

-.
|

>

* Block title:

¥  Network 1:

<] ] (> | [100%

>

]
|
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— A binary output signal is needed for controlling the conveyor motor. For this reason, we first
create local output tag #Conveyor_motor_manual_mode of the "Bool" type. Enter comment

"Control of the conveyor motor in manual mode" for the parameter.

(— Output: Conveyor_motor_manual_mode — Bool — Control of the conveyor motor in

manual mode)

...C-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_MANUAL [FC1] W EX
e w ERECB T P aad e & T B =
MOTOR_MANUAL
Name Data type Default value Comment
1 4@ ¥ Inpu |~
2 L] <Add news
3 (€1 ¥ Output
4 4Q = Conveyor_motor_manual... Bool .r_gﬂ Control of the conveyor moter in manual mede | =
5 . Add news
6 < ¥ InQut
7 = Add news
8 4 ¥ Temp
9 ] <Add news
10 €0 ¥ Constant
11 L] <Add news
12 40 ™ Return .
15 M = MOTOR MANUAL Void P -
[ €] i | 3

— Add parameter #Manual_mode_active as the input interface under Input and confirm the
entry with the Enter key or by exiting the entry field. Data type "Bool" is assigned
automatically. This will be retained. Next, enter the associated comment "Manual mode
activated”.

(— Manual_mode_active — Enter — Bool - Manual mode activated)

— Add parameters #Pushbutton_manual_mode, #Enable_OK and #Safety shutoff active as
additional binary input parameters under Input and check their data types. Add descriptive
comments.

...C-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_MANUAL [FC1] - EX

G Fe e EREC8 Q=W A0S i & T B =
MOTOR_MANUAL
Name Data type Default value Comment
1 4 ¥ Input
2 4Qe Manual_mode_active Bool Manual mode activated
3 @ Pushbutton_manual_mode Bool Pushbutton manual mode conveyor on
4 4= Enable_OK Bool All engble conditions OK
5 dane= Safety_shutoff active Bool f_;é_-] Safetyshutoff active e.g. emergency stop operated |
6 = <Add news=
7 |4 ™ Output
8 @m= Conveyor_motor_manual... Bool Control of the conveyor motor in manual mode
5 = <Add ney
10 4 ~ InOut
1 = <Add news>
12 @ ~ Temp
13 L] <Add news
14 g0 * Constant
15 = <Add new>
16 4 ¥ Return
17 4= MOTOR_MANUAL Void
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— For purposes of program documentation, assign the block title, a block comment and a

helpful network title for Network 1.

(— Block title: Motor control in manual mode — Network 1: Control of the conveyor motor in

manual mode)

C-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks * MOTOR_MANUAL [FC1] - X

Wi FF s ER @8 gt & =
MOTOR_MANUAL
Mame Data type | Default value Comment
1 <~ Input |
Z qgle= Manual_mode_active Bool Manual mode activated T
3 gl = Pushbutton_manual_mode Bool Pushbutton manual mode conveyor en i
4 4= Enable_OK Bool All enable conditions OK
5 4an Safety_shutoff_active Bool 5] Safety shutoff active e.g. emergency stop cperated
(] L] <Add news
7 < v Output
8 4an Conveyor_motor_manual... Bool Control of the conveyor moter in manual mede
[<] - il |2
& >=1 @' o4 =0l = =]
¥ Block title: (bl
w Conveyor motor in manual mode: Ifthe pushbutton_manual_mode is operated, the enable '
conditions are granted and the safety shutoffis not activated the output
Conveyor_motor_manual_mode is activated
*  Metwork 1: Control of the conveyor motor in manual mode
ent E
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6.7 Program FC1: MOTOR_MANUAL

— Below the interface description, you see a toolbar in the programming window with various
logic functions and below that an area with networks. We have already specified the block
title and the title for the first network there. Programming is performed within the networks
using individual logic blocks. Distribution among multiple networks helps to preserve the
clarity of the program. In the following, you will get to know the various ways you can insert

logic blocks.
3 =1 4 =ol = =]

— You can see a list of instructions you can use in the program on the right side of your
programming window. Under — Basic instructions — Bit logic operations, find function —[=]
(Assignment) and use a drag-and-drop operation to move it to Network 1 (green line

appears, mouse pointer with + symbol).

(— Instructions — Basic instructions — Bit logic operations — —[=])

P q P P P p Prog blo 0
Options [R5
¥ 5wk 1o [ Iz ] | B8 & & n » =
i e b ERER8a:El e aas = 7B = [ |t JdE g
MOTOR_MANUAL » |Favorites q
Name Data type Default value Comment ~ | Basic instructions g'
I <@~ Input ; . | pree=me ] o
2. e Manual_mode_active Baol Manual mode activated =1 1 General =
3 @an Pushbutton_manual_mode Bool Pushbutton manual mode conveyor on L] = ] Bit logic operations. [l %
4 = Enable_OK Bool All enable conditions OK e ®
A=l
5 @n» Safety_shutoff_active Bool {=) Safety shutoff active e.g. emergency stop operated F »=1 g
6 41 ¥ Output E.rjx - =3
7 = Conveyor_motor_manual... Bool Control of the conveyor motor in manual mode ’9 &l 1] ==
R 0 ¥ £l -{i=] i
<l — I v
7]
& a1 @ A =ol = qf] f 5] 3
~ Block title: g 2ELh o
w» Conveyor motor in manual mode: Ifthe pushbutton_manual_mode is operated, the enable i HEREL AR -
conditions are granted and the safety shutoffis notactivated the output =
Conveyor_motor_manual_mode is activated o
t
»  Network 1: Control ofthe conveyor motor in manual mode =
Comment
L I e
< 5|
> | Extended instructions
¥ Natanrk 2+ — [+]? | Technology
100% | B e » | Communication
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onto <??.?> above the block you just inserted. The best way

interface description is by "grabbing" it at the blue symbol <

(— = Conveyor_motor_manual_mode)

actory, DF FA

Now use drag-and-drop to move your output parameter #Conveyor_motor_manual_mode

to select a parameter in the

...C-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_MANUAL [FC1]

w Conveyar motor in manual mode: Ifthe pushbutton_manual_mode is operated, the enable
conditions are granted and the safety shutoffis not activated the output
Cenveyor_motar_manual_mode is activated

w £.4 Network 1: Control of the conveyor motor in manual mode

28

i F S b EREPE@tEHl CaeB s &7 B =
MOTOR_MANUAL
Name Data type Default value Comment
z @' it | Sl it 7 =
2 4l e Ianual_mode_active Boal Manual mode activated T
2 4] . Pushbutton_manual_mode Bool Pushbutton manual mode conveyor on :i
4 40 = Enable OK Bool All enable conditions OK
5 4] = Safety_chutoff_active Bool Safety shutoff active e .g. emergency stop cperated
& 40 v Cutput
7 4g . Conveyor_motor_manual... Bool éf] Control of the conveyor motorin manual mode | =
1] i Bl
i
& »e=1 = =0l = =]
~ Block title: ~
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— This determines that the #Conveyor_motor_manual_mode parameter is written by this block.
Still missing, however, are the input conditions so that this actually happens. For this, use
drag-and-drop to move input parameter #Manual_mode_active to the left side of the

assignment block.

(— < Manual_mode_active)

...C-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_MANUAL [FC1] - W B X

i e s ER@EPEt@[=E 0 aa8 1 @0 W =
MOTOR_MANUAL
Name | Data type Default value Comment
1 40~ input [a
2 dnw Manual_mode_active Bool IEI" Manual mode activated L
2 @n Pushbutton_manual_mode Bool Pushbutton manual mode conveyoron E
4 <. Enable_OK Bool All enable conditions OK
5 4 e Sefety shutoff active  1BOOI —— B T2ty shutcf active €.9. emergency stop operated
& @ !:
7o q e Conveyor_motor_ma nual. Beel 7 Control of the conveyor motor in manual mode =l
=0 iG]
— - B e B e i |

& s=1 o4 =al = =]

v Block title: £

w Conveyor moteor in manual mode: Ifthe pushbutton_manual_mode is operated, the enable
conditions are granted and the safety shutoffis not activeted the output
Conveyor_motor_manual_mode is activated

[}

¥  Network 1: Control ofthe conveyor motor in manual mode

Lomment

— The input of the assignment block will also be logically combined with other parameters by
an AND logic operation. To do this, first click the input of the block to which
#Manual_mode_active is already connected, so that the input line has a blue background.

#Conveyor_
motor_manual_
mode
#Manual_mode_
BCTive [ S
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30

— Clickthe ® icon in your logic toolbar to insert an AND logic operation between the

#Manual_mode_active tag and your assignment block.

&

=1 4 =0 = =]

¥ P AND logic operation [Shift+F2]

w Conveyor motor in manual mode: If the pushbutton_manual_mode is operated, the enable
conditions are granted and the safety shutoffis not activated the output
Conveyor_maotor_manual_mode is activated

-

Network 1: Control of the conveyor motor in manual mode

Camment

#Conveyor_
motor_manual_
made
i
#Manual_mode_
active [ —_

— Double-click the second input of the & logic operation <??.?> and enter the letter "P" in the

field that appears in order to see a list of available tags starting with "P".Click the

#Pushbutton_manual_mode tag and apply with — Enter.

(— &- block —» <??.?> —» P — #Pushbutton_manual_mode — Enter)

...C-Programming » CPU_1516F [CPU 1516F-3 PN/IDP] » Program blocks » MOTOR_MANUAL [FC1]

P e EAEEE: 2 EF CaEB s T B =
MOTOR_MANUAL
| MName Data type | Default value Comment
I 4]~ Input B
2 4lm= Manual_mode_active Boal |i| Manual mode activated =
2 @ Pushbutton_manual_mode Bool Pushbutton manual mode conveyor on _=_
4 4] = Enable_OK Boal All enable conditions OK
5 4@nm Safety_shutoff_active Boal Sefety shutoff active e.g. emergency stop operated
6 @l ™ Output
i 4l = Conveyor_motor_manual... Bool Centrol of the conveyar motor in manual mode ||
2] il | E]L-_
5
221 4 =a = -]
~ Block title: A
w Conveyor motorin manual made: Ifthe pushbutten_manual_mode is operated, the enable 1
conditions are granted and the safety shutoff is not activated the output
Conveyer_motor_manual_mode is activated
e Q Network 1: Control of the conveyor matorin manual made =
_omment
#Conveyor_
& motor_manual_
#Manual_mode_ rnode
active — =
: [ —
#Pushbutton_manual_mode Bool Pushbutton ma... »~ =
(]
* | = B s

Note: When assigning tags in this way, there is a risk of a mix-up with the global tags from the
tag table. The previously presented procedure using drag and drop from the interface description
should therefore be used preferentially.
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— To ensure that the output can only be controlled when the enable conditions are met and the
safety shutoff is not active, the #Enable_OK and #Safety_shutoff_active input tags are

logically combined with the AND logic operation. To do this, click twice on the yellow star **
of your AND block to add two additional inputs.

- #Conveyor_
£Manual_mode_ rnotor_manual_
BCUVE mode
#Pushbutton_ =

Insert input

— Add input tags #Enable_OK and #Safety shutoff _active to your newly created inputs of the

AND block.
&
#henual_mode_
BCUVE ——
#Pushbumon_ #Conveyor_
manual_mode —— rmotor_manual_
#Enable_OK — raode

#5afety shutoff =
2 e [ T e

— Negate the input connected to parameter #Safety shutoff active by selecting it and clicking

& =1 E - =p] = -{:I

¥ Block title: -
. § invert RLO [Curl+Shift+4] ;
w COnVeyor Motor in MBNUS. vewees e paswssen_Manual_mode is operated, the enable

conditions are granted and the safety shutoffis not activated the output
Conveyor_motor_manual_mode is activated

- Network 1: Contrel of the conveyor motor in manual mode

Comment

&
#Manual_mode_
actve —
#Pushbumon_ #£Conveyor_
manual_mode — motor_manual_
#Enable OK— maode
#Safety_shutoff_ =
active s> _— =%
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— Do not forget to click kd seve project The finished function "MOTOR_MANUAL" [FC1] in FBD

is shown below.

...C-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_MANUAL [FC1] - X

Wikl e a EREPD8r @[T Caad 1y &7 B 3

MOTOR_MANUAL

| Narme Data type | Default value Comment

1 <40 * Input ._"‘
2 40 . Manual_made_active Boal @ Manual mode activated :
3 q. Pushbutton_manual_made Bool Pushbutton manual mode conveyor on | =]
4 40 = Enable_OK Bool All enable conditions OK
5 4= Sefety_shutoff_active Boal Safety shutoff active e.g. emergency stop operated
6 40 ¥ Output
7 4= Conveyor_motor_manual.. Bool Control of the conveyor motor in manual mode

|<| N i i 'ii)‘

I

¥ Block title: . |~

—
w Conveyor motor in menual mode: If the pushbutton_manual_mede is operated, the enable

conditions are granted and the safety shutoffis not activated the cutput

Conveyor_maotor_manual_mode is activated

¥  Network 1: Control ofthe conveyor motorin manusl mode

Comment

&
#hanual_mode_
active — il
#Pushbutton_ #Conveyor
manual_mode —— motor_manual_
2Enable_OK — mode
#Safety_chutoff_ =
BChive —gfat — o
[100% [+
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— Under "General" in the properties of the block, you can change the "Language" to LAD

(Ladder Logic) (—Properties — General —» Language: LAD)

MOTC ]EProperties ||"_L}.Info _1_,]||ﬁ Diagnostics |
General
General I
. General
Infarmation
Time stamps
Compilation Mame: |I.""’.‘?I95=".’?‘5.’.“.‘H‘.°E'- |
Frotection i T
Type: |FC
Artributes | | = = _|
Lenguage: |FED |—"!
| LAD
» Number: ey
3
() automatic

— The program has the following appearance in LAD.

«w._FC-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_MANUAL [FC1]

e s ERRDE Q[ GRS % &7 B =
MOTOR_MANUAL
| IName Deta type Default value Comment
1 v Input A
2 40 = Manual_mode_sctive Bool !I_I_1 Manual mode activated -
3 4w Fushbutton_manual_mode Bool Fushbutton manual mode conveyor on i
4 = Enable_OK Bool All enable conditions OK
5 4= safety_shutoff_active Bool Safety shutoff active e.g. emergency stop cperated
6 41 ¥ Qutput
i <dan Conveyor_motor_manual... Bool Control of the conveyar motor in manual mode [zl
|T|_ il 3|

¥ Block title: Lo
w Conveyor motor in manual mede: If the pushbutton_manual_mode is operated, the enable

conditions are granted and the safety shutoffis not activated the output
Conveyor_motor_manual_mode is activated

¥  Network 1: Control of the conveyor motorin manual mode

Comment
#FConveyor_
#Manual_mode_ #Pushbutton_ #5afety_shutoff_ motor_manual_
active manual_mode #Enable_OK active mode
{ | | I} 1t { }
v
[100% 7 e, e
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6.8 Program organization block OB1 — Control of the forward belt
tracking in manual mode

— Before programming organization block "Main [OB1]", we switch the programming language
to FBD (Function Block Diagram). To do so, first click on "Main [OB1]" in the "Program

blocks" folder.

(— CPU_1516F[CPU 1516F-3 PN/DP — Program blocks — Main [OB1] — Switch

programming language — FBD)

T Siemens - D:\Automation¥032_100_FC-Programming\032_100_FC-Programming
Project Edit View Inzert Online Options Tools Window Help

O soveproject 3 Y E2)
Project tree

Devices

N ElE

Totally Integrated Automation
X 2ei: 5 ME B R F coonline (F cootiine K, AN x| PORTAL

~ ] 032_100_FC-Programming
B Add new device
oh Devices & netwerks
~ [[B CPU_1516F [CPU 1516F-3 PN/DF]
Y pevice configuration
% Online & diagnostics
~ [l Program blocks
¢ Add new block
o R e R |
@ oo Open
» [3 Technclog

|, Properties... AltsEnter

CrrlaC

» 5} External 5| 5
~ (@ g |2
G Shew Del
B Addne  pename £2
4 il »
i ::(T;::: Download to device »
== & Go online Crrlek
» Civierchand g 2
» (& Online ba i

Cross-reference information  Shif+F11

¥ (5 Traces
2 Cross-eferences F11

598 Program it

e  Call stucture —
» [ Device pr¢ = Replace Replace 8
= 5] Assignment list
[A PLCalarm =
2 dasilics Switch programming language: » 1
ils vi . Properties %} Info | %l Diagnostics
o [T —— o | Spoperies [t | & Degrosts | i
il
B o | <] B
| mame & Print preview... | 2 |Languages & resources
4 _Portal view = FC-Programming

— Open the "Main [OB1]" organization block with a double-click.

7% Siemens - D:\Automation\032_100_FC-Programming\03

Project Edit View Insemr Online Options Tools Win
Cf Ch b soveprojet & X 2 2 X W) (*:

Project tree I |

Devices
O

= | ] 032_100_FC-Programming |~
B Add new device
iy Devices & networks
~ ([l CPU_1516F [CPU 1516F-3 PN/DP]
[IY Device configuration
%] Online & diagnostics
~ [ Frogram blocks
' ~dd new block

& Meoin [0B1]
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— Assign Network 1 the name "Control conveyor tracking forward in manual/jog mode"

(— Network 1:... »>Control conveyor motor forwards in manual mode)

- X

.. rogramming * CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

S b ERED8ratEw Chded e &7 B o
Main
Name Datatype Defaultvalue Comment
1 <@ * Input
2 40 . Initial_Call Bool [l Initial call of this OB
2 e Remanence Bool =True, if remanent dats are available
4 <@ ~ Temp
5 = <Add ne
6 |40 v Constant
Fi = <Add new>
! £ I 1] >

¥ Block title: “Main Program Sweep (Cycle)”

Lomment

it Network 1:- Contrel conveyer moter ferwards in manual mode

Commer

— Use drag-and-drop to move your "MOTOR_MANUAL [FC1]" function onto the green line in

Network 1.

T4 Siemens - Di\Automation\032_1 00_FC—P|'09;‘amming\032_1 00_FC-Programming

Project Edit View Insert Online Options Tools Window Help

Cf % saveproject & 3 B 0 X D ¥ EE DR & coonine ¥ coctiine f MW 2 ] [

Project tree
Devices
SO0 o EEEH%!-@!§UECOGGE‘E?E'E‘EIQ‘D&3}? H
Main
= | = _] 032_100_FC-Programming - Name Data type  Defaultvalue Comment
B Add new device Il 1 @ ~ Input
i Devices & networks 3 an s Initial_Call Bool [= Initial call of this OB
~ [ CPU_1516F [CPU 1516F-3 PNIDP] 3 4@s  Remanence Bool =True, if remanent data are available
Y Device configuration 4 g v Temp
%/ Online & diagnostics i L] <Add news
* gl Program blocks “le @~ constamt
B Add new block 7 <Add news

.
& Mein [0B1] (<] = ‘ Lﬂ
4 MOTOR_MANUAL [FC1] :

» L4 Technology objects

= |} External source files

¥ Block title: "Main Program Sweep (Cycle)”

""" Sl
g Show all tags
I Add new tag table
% swndard-varisblentabelle [54]
15y Tag table_sorting station [28] =
» L) PLC data types
» [ Watch and force tables
+ [ Online backups

¥  Network 1: Control conveyor motor forwards in manual mode

b [ Traces
4 Program info
Fa : s
» ‘4,‘ :EVIEIE proxy data |T < " m |
L JQ‘. Properties

(3] [100% [+]
”:i.‘.lnfo yuﬂ Diagnostics |

~ | Details view

General

General B« [ | i

Name: Address

4 Portal view £ Overview I:I- Main
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— A block with the interface you defined and connections EN and ENO are inserted in Network

1.
WFC
TMOTOR_MAMLAL®
can = EN
Manual_
<777 == mode_active
Pushbuttan_
ranual_
‘-\'}'-*"""' r'nl:rlﬂl! Cnl'l‘-'w‘."}'ﬂr_
i rotor_
<?1.7> — Enable_OK manual_
SBfEl‘j"_ MOUE — <77 =
<77 7 — chutoff_active EMC—

— To insert an AND before input parameter "Enable_OK", select this input and insert the AND

by clicking the  iconin your logic toolbar (— & ).

& == 7 A4 —a = =]

¥ By snD logic operation [ShiftsF2] (P (Cele)
w .4 Network 1: Control conveyor motor forwards in manual mode

i, - -
Lormment

wa
"MOTOR_MANUAL™

.—EN

Manual_
<1770 = mode_active

Pushbuton_
manual_ c

<77 72 = mode Sl

RIS motor_
<177 o Enable_OK manual_
mode — &P P

Safery. -

<7777 == shutoff_active ENO —
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— Click the yellow star ** of the AND block to add another input (— ).

& o1 AT A =0l = 5]
» Block title: “Main Program Sweep (Cycle)”

¥ £24 Network 1: Control conveyor motor forwards in manual mode

WFC1
MOTOR_MANUAL®
= EN
Manual_
<71 Tn=— mode_active
Pushbutton_
& manual_
777> — mode Sonvey
motor_
Enable_OK manual_
mode — <777
- Safery, <777
Insertinput R
P <77 o= shutoff_active ENO —

— To connect the block to the global tags from "Tag_table_sorting_station", we have two
options:

— Either select the "Tag_table_sorting_station" in the project tree and use drag-and-drop to
move the desired global tag from the Details view to the interface of FC1
(— Tag_table_sorting_station — Details view. — -SO2 — Manual_mode_active)

~ [ PLC tags
& Showall tags
¥ Add newtag table
3% Defaulttag table [54]

~ €2 Network 1:  Contral conveyor motor forwards in manual mode

Comment

. '=Tagtable sortingstation 28] L e
' i8] PLC data types MOTOR MANUAL'
» [z Watch and force tables —EN
» [ Online backups
» L: = Manual_mode_
~Toetis view . I — ocive
27— Pushbutton_
Name | Dataty... | Comment <77 — <727 — manual_mode
<@ Q3 Bool conveyor motor -M1 variable s..[ | PR
. 7 — ——— Enable_OK
50 Bool 2] mode selector Tauto. - C””VEYU’—IF”UVJJ— | o
@ 51 Bool pushbutton automatic start (no) safety_shutoff_ ML — <72
@ 52 Bool pushbutton automatic stop (nc) <77.7> — active ENO —
@ -53 Bool pushbutton manual mode con...

— Or, enter the starting letters (e.g. "-S") of the desired global tag for <??.?> and select the

global input tag "-S0" (%I0.2) from the displayed list (— Manual_mode_active — -S —
-S0).

& =5 =0l = os]
» Block title: “Mein Program Sweep (Cycle)*

* .4 Network 1:  Control conveyor moter forwards in manual mode

WFC1
"MOTOR_MANUAL®
v EN
nual_
= E!::nde_acti\.re
=-50° Bool 02 mode selector .| |~
& < "-s1" Bool %I0.3 pushbutton aut..
< gl "-s2° Bool %I04 pushbutton aut... =
i < 53T Bool %114 pushbution ma_. ||
< 547 Bool %15 pushbuttonma... | |
<0 "-557 Bool %16 pushbutton ma...
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— Insert the other input tags "-S3", "-K0", "-B1", "-S4" and "-Al" and insert output tag "-Q1"
(%Q0.0) at output "Conveyor_motor_manual_mode".

WFC
"MOTOR_MANUAL®
& e = EN
%0 1 W02  Manual_
KD — "-50" — mode_active
'H'U5 Pushbutton_
E17 — W14 manual_ Conveyar
X "53" == mode o
‘315 matar_
54" 3k Enable_OK manual_  %Q0.0
wo 0D mods — e
"-A1" == chutoff active END —

— Negate the querying of input tags "-S4" and "-A1" by selecting them and clicking

(—>-S4 >

—>-Al >

a =1 {7 A4 —al = A#]

&7 Network 1: Control conveyor motor forwards in manual mode

Comment

%FC1
"MOTOR_MANUAL"

%0.1 I — N

ot %l0.2  Manual_mode_

%10.5 "-50" — active

Bl %14  Pushbutton_

%l1.5 "-§3" — manual_mode

Rk Enable_OK Conveyor_motor_  %Q0.0
%I0.0  Safety_shutoff_ manual_mode —"-Q1"
"-A1" —o active ENO —
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6.9 Program organization block OB1 — Control of the backward belt

tracking in manual mode

— Assign Network 2 the name "Control conveyor motor backwards in manual mode" and insert

your "MOTOR_MANUAL [FC1]" function using drag-and-drop, as you did previously in

Network 1.

& su {0} A =ol = os]
» Block title: "Main Program Sweep (Cycle)"

b Network 1: Control conveyor motor forwards in manual mode

w t.3 Network 2: Control conveyor motor backwards in manual mode

w=1EN
Manual_
<177 —Imode_active

Pushbutton_
manual_
mode

Enable_OK

Safety_
<17 7o =t chutofi_active

MOTOR_MANUAL"

aCl

Conveyor_
motor_
manual_|
mode |— <77 7=

ENO

— Connect your function as shown here. You obtain the following result in the FBD (Function

Block Diagram) programmin

g language.

032_100_FC-Programming * CPU1516F [CPU 1516F-3 PN/DP] *» Program blocks » Main [0OB1]

(o F F %?EEE%! Q!u

(BRI § TR =

PR 4 - = ] w ow

~  Network 2: Control conveyor motor backwards in m

Comment

- Network 1: Control conveyor motor forwards in manual mode
Comment I
%FC1
& "MOTOR_MANUAL"
%0.1 I —
ko' — %I0.2  Manual mode L
%I0.5 "-50" — active
81— %14 Pushbutton_
%15 "-53"— manual_mode
54" 0. Enable_OK Conveyor_motor_  %Q0.0
%0.0  safety_shutoff_ manual_mode —"-Q1"
"-A1" —o active ENO — —

anual mode

%FC1
& “MOTOR_MANUAL"

%I0.1 -

i %0.2  Manual_mode_

%05 "-S0" — active

] %I1.5  Pushbutton_

.4 "-54" — manual_mode

e il T Conveyor_motor_  %Q0.1
%I0.0  safety_shutoff_ manual_mode — "-Q2"
"-A1"—o active e

<] M ] o —
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— The result in the LAD (Ladder Logic) programming language has the following appearance.

C-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1] - 120X

Wi P S EREPE GtEW ©dad e 8T H o
PE— . —
b Block title: “Main Program Sweep (Cycle)® ]
*  Network 1: Control conveyor mortor forwards in manual mode
Camment
WFC1
"MOTOR_MANUAL"
=" EN ENQ ——
%o.2 Conveyor_
kgt motor_
50 Manual_ manual_  %Q0.0
171 mode_active mode —*-Q1"
Pushbutton_
Wi4  manual_
*-53" — mode )
0.1 %05 W15 F
KD B1" ~54°
: : : : 1'/1 Enable_OK
90 .0
Al Safery
1/t shutoff_active
w| [N #H Control conveyor motor backwards in manual mode
W1
"MOTOR_MAMUAL"
EN ENQ ——— 3
W02  Menual Cuxz}g:_
S0 ::::E;?;:E mﬁnuaF: %001
| d . "
W5 manual_ e Q2
"54% — mode
W01 W05 W4
Ko 81" =3
_I : : E : E Enable_OK
W0 .0 SafEtY_
"-A1" — shutoff_active
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6.10 Save and compile the program

— To save your project, select the Ed save project button in the menu. To compile all blocks,

=

click the "Program blocks" folder and select the icon for compiling in the menu

I).

alll

(— Ed seve project _, Program blocks —

T Siemens - D:\Automation\032_100_FC-Programming'32_100_FC-Progr

Project Edit  View lnsen Online Dpsiuns Tockk Window Help
Jﬂlﬂs-wewqen.l. XEE=Exm:e: BE AR

Comptle m‘

* | ]032_100_FC-Programming -
E F =i & L | 'E

B Add new device
iy Devices & networks b Bk
~ ([l CPU_1516F [CPU 1516F-3 PN/DP]
[IY Device configuration ¥  Networl

RZ.| Dnlme & dlagnostscs ommen

ﬁ? Add new block

& Main [OB1]

2 MOTOR_MANUAL [FC1]
v [ Technology objects

SRS L ' e

— The "Info", "Compile" area shows which blocks were successfully compiled.

/6 Properties  |"Info | % Diagnostics |
General Cross-references Complle Syntax
@E‘E“ chow all messages '

Compiling completed (errors: 0; warnings: 0}

i Path Description Gotw ? Errors  Wamings  Time
"Q ¥ CPU_1516F = . ’ == (1] . l]“ 121644 PM
@ - FProgram blocks A 0 0 12:16:44 PM
MOTOR_MAMNUAL (FC1}  Block was successfully compiled. A 12:16:44 PM
O Main (OB1) Block was successfully compiled. P 12:16:44 PM
Q Compiling completed (errors: 0; warnings: 0) 12:16:44 PM
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6.11 Download the program
— After successful compilation, the complete controller with the created program, as previously

described in the modules for hardware configuration, can be downloaded

> E),

T4 Siemens - D:Automation\032_100_FC-Programming\032_100_FC-Programming

Project Edit View Insert Online Opfions Tools Window Help Totally Integrated Automation
PORTAL

CF A E svepojecs X 18 2 X (e s T/ B B cooniine (I coottine | By IR € ] 1]

Erofect ea S5 Dowinload to device
Devices
e E|e |t i aal s f T B
~ | 032_100_FC-Frogramming =
B Add new device i el oA | ol | | =]
L hoemeisneniis. b Block title: “Msin Progrsm Sweep (Cycle)” Al
= [H CPU1516F [CPU1516F-3 PNIDP] ; w7
[ Device canfgaiation ~  Network 1: Control conveyer mosor farwards in manusl meds -
%] Online & diagnoctics =
» [ Program blacks G
» [ Technology objects YFC1 -
» g Extemal source files MOTOR_MANUAL® 5
» [3 PLCtags a -—EN s
» [ PLC data types 60 1 %02  Menual. =7
» .3l Watch and force ables o — *50° —0 made_scrive ||
R Onliie bs i} .
> F:. Online backups _rJﬂ 5 Pushburton_ L
b [ Traces A1t — W4 manual_ & 5
S} Program info s Y — e Sl 2
v [, Device prowy data 54T =0 D ———— e mandal. Q0.0 E
£ PLC alarms WO sawey mede —"G1°
% Tenlists *A1" =0 shutofl active o —
» [ Locsl modules
» [&# common data .
» [ Documentation settings *  Network 2: Control conveyor motor backwards in manual mode
» [ Lenguages & resources ment
¥ [ Online access
b [ Cord ReaderlUSE memory we
MOTOR_MANUAL®
| Details view a —EN |
100% [=]
Name | 'S Properties Il"i. Info !J" % Diagnostics
sgramming

m3 Overview Ia— Main
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6.12 Monitor program blocks

— The desired block must be open for monitoring the downloaded program. The monitoring can

“icon. (— Main [OB1] > ")

e

be activated/deactivated by clicking the

...C-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

Wi #F b EAER/E: @t EB CGaBe s fTH o

T a T 1o

T S |

"-A1" =0 shutoff_active

» Main Program Sweep (Cycle)® Fie]
¥  Network 1: Centrol conveyor motor forwards in manual mode
TIMEnN
Wl
"MOTOR_MANUAL®
& e m—EN

401 W02 Manual_ -

KO — "-E0" =0 mode_active

:'mi.s_ Pushbutton_

H1 W14 manusl_ :
W1 s *53" == mode °”;:¥g:—
54" —0 3k Enable_OK manuall  %Q0.0
WO safery mode — -Q1°

ENO =—

¥  Network 1:

Main Program Sweep (Cycle)®

Control conveyor motor forwards in manual mode

Wik F E e EREDE: @[T AT s AFE o
4 - = Hq9]

Comment
® i
MOTOR_MANUAL®
TRUE
%0.1 —|EN =
I_KOL - =
FALSE
TRUE W02  |Manual_
%o 5 "50" —amode_active
“B1"—
TRUE Pushbutton_
FALSE W14 manusl_
% 5 "£3" —imode
"S54 mdfsk Enable_OK Cm::z{g;_ FALSE =
EALSE manua i: :’HJG..O
WO |satery mode - "-g1
"-A1" =@ shutoff_active ENO—

Note: The monitoring here is signal-related and controller-dependent. The signal states at the
terminals are indicated with TRUE or FALSE.
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— The "MOTOR_MANUAL" [FC1] function called in the "Main [OB1]" organization block can be
selected directly for "Open and monitor" after right-clicking (— "MOTOR_MANUAL" [FC1] —
Open and monitor).

..C-Programming * CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1] - X

Wi FE b EEELBt B EHW CLEBT e AT B G

» Block title: “Main Program Sweep (Cycle)” Fad
¥  Network 1: Contrel conveyor motor forwards in manual mode
Comment
& Modify »
TRUE
%0 1 ~—en| Open
e Open and m
0™
FALSE _ e =
= %02 Marl Define tag... Crrlashiftsl | S
o 5 *-50" =& mod Rename tag... Crrl+Shift+T
Y Rewire tag_. Ctrl+Shift+P
TRUE  |Pus
FALSE W14 |mar x Cut Ctrl=X
%15 53" —{mot £ copy ctrlsC
54" -k Enaj [ Fasie CirlsV
FALSE % Delete Del
W00 |safd
A1 <ot Go to [ R

Crossreference information  Shift+F11
Show overlapping accesses

*  Network 2: Control conveyor motor backwards in manual mode

Create instance..

Comment Update bleck call
w3 Insert network Cirl+R
& Insert STL netweork

TRUE [ Insertemptybox shiftsF5
%01 . —{EN | |3 Insertinput and output Crrl4+Shifr23 E
< 11} s - =

- Properties Alt+Enter

'8, Properties i o

..Ag ¥ CPU_1516F [CPU 1516F-3 PN/DP] » Programblocks » MOTOR_ MANUAL[FCI] — @ =X

G EEEDE G B EY s @B o

‘ .

¥ Network 1: Control of the conveyor motor in | mode

Camment

#Manual_mode_
active —

TRUE
#Pushbuttan_
manual_mode —

TRUE #Conveyor_
#Enable_OK — motor_manual_

) mode
FALSE

#Safety_sh utaff_ =
BLLVE =il sk

Note: The monitoring here is function-related and controller-independent. The actuation of
sensors and the station status are shown here with TRUE or FALSE.
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— If a particular point of use of the "MOTOR_MANUAL" [FC1] function is to be monitored, the

call environment can be selected using the E| icon (— E’ — Call environment — OK)

"Call environment of block

[T N

(® call environment
Dependency structure 1 |Address Details
i &8 Main OB1 Iain MW (Co...
1 oom Main NW2 (Co...

| Transfer to "adjusted manually’ |

() Manually adjusted call envircnment

Q] _cancel ]

6.13 Archive the project

— As the final step, we want to archive the complete project. Select the — "Archive ..."

command in the — "Project” menu. Select a folder where you want to archive your project

and save it with the file type "TIA Portal project archive". (— Project — Archive — TIA Portal

project archive — 032-100_FCProgramming.... — Save)

T Siemens - D:\00_TIA_Portal\032_100_FC-Programming\032_100_FC-Programming

Project |Edit View Insert Online Options Tools Window Help

4 Portal view

— Totally Integrated Automation
3 New... s 5 MG B R Goonline (F cooffiine | fis (A [ ¥ o 1] PORTAL
H (¥ Open... ctr+0 -
Migrate project...
Close Ctrl+W E3]
Save CtrisS B == =@ =8 g:[= 2 G o8 ¢ I b @ =5 |2
Gy EREp|E:s geZ@e oA T 2% § 7B =
SEVE 35 Ctri+Shiftss E
= & 2
Delete project... Cirl+E — E
Archive... & >=1 A4 o = <] H
Retrieve...
~  Network 1: Contral conveyor motor forwards in manual mode [~ =
W Card ReaderlUSE memory ’ R &
T Memory card file » Comment a
2
£
-pgrace %FC1 E
5 Print... Ctri+P & "MOTOR_MANUAL" =
& Print preview... =
0.1 ——n Ef
DA0O_TIA_Po..1032_100_FC-Programming 0 — 3
DiD0_DATA!..1032_200_FB-Programming "§0.2 Manual mode_ z
100_TIA..1032-100_FC-Programmierung %0.5 -S0" — active
Dil.lAbschlusspruefung_Teil1l_Mechatr_... "-B1"— %1.4  pushbutton, E
Exit %I1.5 "-53" — manual_mode =
¥ [ PLC dota tpes 54" 0 Enable_OK Conveyor_motor_  %Q0.0 3
» 53l Watch and force tables = = 01" B
+ [ig online backups f{uo.q Safety_shutoff_ manual_mode Q1 ]
b [& Traces -A1" —o active ENO — | |
55 Program info
+ [} Device proxy data
3 PLC alarms »  Network 2: Control conveyor moter backwards in manual mode
) Textlists Comment
» [ Local modules
» [§# Commondata %FC1
» [5) Documentation settings & "MOTOR MANUAL"
I A 0. I—
» (i@ Online access e )
» (5 Card Reader/USE memory <] [ ] 100% ~
> | Details view < properties " info [ Diagnostics
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7 Checklist

No. Description Completed
1 Compiling successful and without error message
2 Download successful and without error message

Switch on station (-KO = 1)
Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated

3 MANUAL mode (-S0 = 0)
Activate conveyor manual mode conveyor forward (-S3 = 1)
then conveyor motor forwards fixed speed (-Q1 = 1)
4 Same as 3 but activate EMERGENCY OFF (-A1=0) > -Q1=0
5 Same as 3 but AUTO mode (-SO0=1) »>-Q1=0
6 Same as 3 but switch off station (-KO=0) > -Q1 =0
7 Same as 3 but cylinder not retracted (-B1=0) > -Q1=0
Switch on station (-KO = 1)
Cylinder retracted / Feedback activated (-B1 = 1)
8 EMERGENCY OFF (-Al = 1) not activated
MANUAL mode (-S0 = 0)
Activate conveyor manual mode reverse (-S4 = 1)
then conveyor motor backwards fixed speed (-Q2 =1)
9 Same as 8 but activate EMERGENCY OFF (r-A1=0) »-Q2=0

10 Same as 8 but AUTO mode (-SO0=1) »-Q2=0

11 Same as 8 but switch off station (-KO=0) - -Q2=0

12 Same as 8 but cylinder not retracted (-B1 =0) > -Q2=0

Same as 8 but also activate manual mode conveyor forwards

13
(-S3=1)>-Q1=0and-Q2=0
14 Project successfully archived
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8 Exercise

8.1 Task — Exercise
The following functions of the sorting station process description will be planned, programmed

and tested in this chapter:
— Manual mode — extend cylinder

— Manual mode - retract cylinder
Note: Pay attention to the reusability or encapsulation of the functions.

8.2 Planning

Plan the implementation of the task on your own.

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.

SCE_EN_032-100 FC-Programming_R1503.docx

47



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 032-100, Edition 02/2016 | Digital Factory, DF FA

8.3 Checklist — Exercise

No. Description Completed
1 Function FC: CYLINDER_MANUAL created
2 Interfaces defined
3 Function programmed
4 Function FC2 inserted in network 3 of OB1
5 Input tags connected for Retract cylinder
6 Output tags connected for Retract cylinder
7 Compiling successful and without error message
8 Function FC2 inserted in network 4 of OB1
9 Input tags connected for Extend cylinder
10 Output tags connected for Extend cylinder
11 Compiling successful and without error message
12 Download successful and without error message

Switch on station (-KO = 1)

Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated

13 MANUAL mode (-S0 = 0)

Do not activate Retract cylinder (-S5 = 0)
Activate Extend cylinder (-S6 = 1)

then extend cylinder (-M3 = 1) successfully
Switch on station (-KO = 1)

Cylinder extended / Feedback activated (-B2 = 0)
EMERGENCY OFF (-Al = 1) not activated

14 MANUAL mode (-S0 = 0)

Do not activate Extend cylinder (-S6 = 0)
Activate Retract cylinder (-S5 = 1)

then retract cylinder (-M2 =1) successful

Retract cylinder and Extend cylinder cannot be activated

15 .
simultaneously
16 Project successfully archived
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9 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial

software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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Notes
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BASICS OF FB PROGRAMMING

1 Goal

In this chapter, you will get to know the basic elements of a control program — the organization
blocks (OBs), functions (FCs), function blocks (FBs) and data blocks (DBs). In addition, you
will be introduced to library-compatible function und function block programming. You will get to
know the Function Block Diagram (FBD) programming language and use it to program a
function block (FB1) and an organization block (OB1).

2 Prerequisite

This chapter builds on the hardware configuration of SIMATIC S7 CPU1516F-3 PN/DP. However,
other hardware configurations that have digital input and output cards can be used. You can use
the following project for this chapter, for example:

SCE_EN_012 101__ Hardware_Configuration_CPU1516F.zap13

3 Theory

3.1 Operating system and application program

Every controller (CPU) contains an operating system, which organizes all functions and
processes of the CPU that are not associated with a specific control task. The tasks of the
operating system include the following:

— Performing a warm restart

— Updating the process image of the inputs and outputs

— Cyclically calling the user program

— Detecting interrupts and calling interrupt OBs

— Detecting and handling errors

— Managing memory areas

The operating system is an integral component of the CPU and comes pre-installed.

The user program contains all functions that are necessary for executing your specific
automation task. The tasks of the user program include the following:

— Checking the basic requirements for a warm restart using startup OBs

— Processing of process data, i.e. activation of output signals as a function of the input signal
states

— Reaction to interrupts and interrupt inputs

—  Error handling during normal program execution

4 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.2 Organization blocks

Organization blocks (OBs) form the interface between the operating system of the controller
(CPU) and the application program. They are called from the operating system and control the
following operations:

Cyclic program processing (e.g. OB1)
Startup characteristics of the controller
Interrupt-driven program processing

Error handling

A project must have an organization block for cyclic program processing at a minimum. An
OB is called by a start event as shown in Figure 1. In addition, the individual OBs have defined

p

riorities so that, for example, an OB82 for error handling can interrupt the cyclic OB1.

Startup routine

ON (Run) .
OB 100 Warm
restart ...
Cyclic program
processing Interrupt-driven
> Cycle - program processing
OB1
OB 10...17
. OB 56
Interruption
Interrupt > &

Interruption Error handling

\ 4

Error b amm—

OB 80
OB 82
OB 121
OB 122

Operating system

Figure 1: Start events in the operating system and OB calls
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When a start event occurs, the following reactions are possible:

— Ifan OB has been assigned to the event, this event triggers the execution of the assigned
OB. If the priority of the assigned OB is greater than the priority of the OB that is currently
being executed, it is executed immediately (interrupt). If not, the assigned OB waits until the
higher-priority OB has been completely executed.

— If an OB is not assigned to the event, the default system reaction is performed.

Table 1 gives a couple of examples of start events for a SIMATIC S7-1500, their possible OB
number(s) and the default system reaction in the event the organization block is not present in the

controller.

Start event Possible OB Default system
numbers reaction

Startup 100, > 123 Ignore
Cyclic program 1,>123 Ignore
Time-of-day interrupt 10to 17, > 123 -
Update interrupt 56 Ignore
Scan cycle monitoring time 80 STOP
exceeded once
Diagnostic interrupt 82 Ignore
Programming error 121 STOP
/0 access error 122 Ignore

Table 1: OB numbers for various start events

3.3 Process image and cyclic program processing

When the cyclic user program addresses the inputs (1) and outputs (O), it does not query the
signal states directly from the input/output modules. Instead, it accesses a memory area of the
CPU. This memory area contains an image of the signal states and is called the process image.

6 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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The cyclic program processing sequence is as follows:

1. At the start of the cyclic program, a query is sent to determine whether or not the individual
inputs are energized. This status of the inputs is stored in the process image of the inputs (PII).
In doing so, the information 1 or "High" is stored for energized inputs and the information O or
"Low" for de-energized inputs.

2. The CPU now executes the program stored in the cyclic organization block. For the required
input information, the CPU accesses the previously read process image of the inputs (PIl) and
the results of logic operation (RLOs) are written to a so-called process image of the outputs
(PIQ).

3. Atthe end of the cycle, the process image of the outputs (PIQ) is transferred as the signal
state to the output modules and these are energized or de-energized. The sequence then

continues again with Iltem 1.

1. Save status of inputs in PII.

PLC program in the PlI

program memory

2. Processing the . . Local data
1st instruction

program instruction-by- 2nd instruction
'tgsglllj(g'n%ng\llgh access 3rd instruction Bit memory
4th instruction
Data blocks
Last instruction PIQ

3. Transfer status from the PIQ to the outputs.

Figure 2: Cyclic program processing

Note: The time the CPU needs for this sequence is called cycle time. This depends, in turn, on
the number and type of instructions and the processor performance of the controller.
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SCE_EN_032-200 FB-Programming_R1503.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 032-200, Edition 02/2016 | Digital Factory, DF FA

3.4 Functions

Functions (FCs) are logic blocks without memory. They have no data memory in which values of
block parameters can be stored. Therefore, all interface parameters must be connected when a
function is called. To store data permanently, global data blocks must be created beforehand.

A function contains a program that is executed whenever the function is called from another code
block.

Functions can be used, for example, for the following purposes:
— Math functions — that return a result dependent on input values.
— Technological functions — such as individual controls with binary logic operations.

A function can also be called several times at different points within a program.

Organization block

Main [OB1]

Calls the —eey | FUNCtiON
MOTOR_MANUAL MOTOR_MANUAL
[FC1] function [FC1]

Contains a program for
controlling a conveyor
in manual mode, for
example.

The function has no

memory.
Figure 3: Function with call from organization block Main [OB1]
8 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.5 Function blocks and instance data blocks

Function blocks are code blocks that store their input, output and in-out tags as well as static tags
permanently in instance data blocks, so that they are available after the block has been
executed. For this reason, they are also referred to as blocks with "memory".

Function blocks can also operate with temporary tags. Temporary tags are not stored in the
instance DB, however. Instead, they are only available for one cycle.

Function blocks are used for tasks that cannot be implemented with functions:
— Whenever timers and counters are required in the blocks.

— Whenever information must be saved in the program, such as pre-selection of the operating
mode with a button.

Function blocks are always executed when called from another code block. A function block can
also be called several times at different points within a program. This facilitates the programming
of frequently recurring complex functions.

A call of a function block is referred to as an instance. Each instance of a function block is
assigned a memory area that contains the data that the function block uses. This memory is
made available by data blocks created automatically by the software.

It is also possible to provide memory for multiple instances in one data block in the form of a
multi-instance. The maximum size of instance data blocks varies depending on the CPU. The
tags declared in the function block determine the structure of the instance data block.

Instance data block
MOTOR_AUTO_DB1
[DB1] as memory

Organization block

Main [OB1] - for the call of
Function block function block

Calls function block =—p | MOTOR_AUTO [FB1] | MOTOR_AUTO

MOTOR_AUTO [FB1] [FB1]

together with its
instance data block
MOTOR_AUTO_DB1

Contains a program for
controlling a conveyor
in automatic mode, for

[DB1] example
The function block

uses instance data
block
MOTOR_AUTO_DB1

[DB1] as memory in
this call.

2

Figure 4: Function block and instance with call from organization block Main [OB1]

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 9
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3.6 Global data blocks

In contrast to logic blocks, data blocks contain no instructions. Rather, they serve as memory for
user data.

Data blocks thus contain variable data that is used by the user program. You can define the
structure of global data blocks as required.

Global data blocks store data that can be used by all other blocks (see Figure 5). Only the
associated function block should access instance data blocks. The maximum size of data blocks
varies depending on the CPU.

Function_10

Global DB

(DB_Global) Access for all blocks

Function_11

Function_ / Instance DB | Access only for function data
-

block 12 (DB_Instance) block_12

Figure 5: Difference between global DB and instance DB.

Application examples for global data blocks are:
— Saving of information about a storage system. "Which product is located where?"

— Saving of recipes for particular products.

10 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.7 Library-compatible code blocks

A user program can be created with linear or structured programming. Linear programming
writes the entire user program in the cycle OB, but is only suitable for very simple programs for
which other less expensive control systems, such as LOGO!, can now be used.

Structured programming is always recommended for more complex programs. Here, the overall
automation task can be broken down into small sub-tasks in order to implement a solution for
them in functions and function blocks.

In this case, library-compatible logic blocks should be created preferentially. This means that the
input and output parameters of a function or function block are defined generally and only
supplied with the current global tags (inputs/outputs) when the block is used.

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks * MOTOR_AUTO [FB1]

i 55 =ak — s [ = 3 (=] avr ¢ = o oo =

M FE R ERER8t st tEad o B 4
MOTOR_AUTO
Name Data type Defaule value Retain Accessiblef | Visible in .. Setpoint Comment
1 < v Input =
2 @a-r Automatic_mode_act.. Bool Mon-et. E‘ =] = Automatic mode activated
2 @an Start Bool Non-etain = =] FPushbutton automatic start =
i @@= Stop Bool Non-retain =] il Pushbutton automatic stop —_
5 @an Enable_Ok Bool Non-retain 8 =) All enable conditions OK
6 @= Safety_shutoff active  Bool false Non-retain =] B Safety shutoff active e.g. emergency sto...
7 4 ™ Output
E @a-= Conveyor_moetor_aut... Bool false Non-retain ~ =l Control of the conveyor motor in autem... |3
= T

¥ Block title: : Motor control in automatic mode
» Conveyor motor in automatic mode:

¥ Network 1: Memoryautomatic_start_stop and contrel of the conveyor motor in automatic mode

£Memonry_
#5top — automatic_
#5afety_shutofi_ stari_stop im0
BCHVE SR ma‘o.ﬁ’ -
#Automatic_ #5tart—5 & automatic_
mode_active =0 3¢ _— Q— mede
=
#Enable_OK = 3 — —_

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

Gk T ke EREC B Gt EH] C0aaT i & T B P

& :.u@ - =0l = 1]

¥ Block title: *Main Frogram Sweep (Cycle)” 'A_

¥  Network 1: Control conveyor motor forwards in automatic mode

B
*MOTOR_AUTO_
De" .
YFET il
"MOTOR_AUTD™
~=—{EN
W2 |Automatic_
50" =i mode_active
& %0 3
0.1 *51" —iSman
KO — w0 4
"Bt —G Enable_OK automatic_| %Q0.0
%o [safery mode —"-Q1"
*-A1" =0 shutoff_active ENO—
Figure 6: Library-compatible function with call in OB1
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3.8 Programming languages

12

The available programming languages for programming functions are Function Block Diagram
(FBD), Ladder Logic (LAD), Statement List (STL) and Structured Control Language (SCL). For
function blocks, the GRAPH programming language is additionally available for programming
graphical step sequences.

The Function Block Diagram (FBD) programming language will be presented in the following.

FBD is a graphical programming language. The representation is based on electronic switching
systems. The program is mapped in networks. A network contains one or more logic operation

paths. Binary and analog signals are linked by boxes. The graphical logic symbols known from

Boolean algebra are used to represent the binary logic.

You can use binary functions to query binary operands and to logically combine their signal
states. The following instructions are examples of binary functions: "AND operation”, "OR
operation" and "EXCLUSIVE OR operation". These are shown in Figure 7.

Network 1: AND-Operaticn #el #el| #al
& #01 0 0 0
#1— = 0 1 0
T2 —p — — 1 0 0
1 1 1

#el #Hel| #a2

Network 2: OR-Operation

0 0 0

el e 0 11

i = 1 o1

#12—ak — - 1 1 1

#el #el|| #a3

Network 3: EXCLUSIVE OR-Cperation 0 0 0
% #03 0 1 1

£ — 3 1 0 1

12—t — — 1 1] o0

Figure 7: Binary functions in FBD and associated logic table

You can thus use simple instructions, for example, to control binary outputs, evaluate edges and
execute jump functions in the program.

Program elements such as IEC timers and IEC counters provide complex instructions.

The empty box serves as a placeholder in which you can select the required instruction.

Enable input EN (enable)/ Enable output ENO (enable output) mechanism:

— Aninstruction without EN/ENO mechanism is executed independent of the signal state at the

box inputs.

— Instructions with EN/JENO mechanism are only executed if enable input "EN input has signal
state "1". When the box is processed correctly, enable output "ENO" has signal state "1". As
soon as an error occurs during the processing, the "ENO" enable output is reset. If enable

input EN is not connected, the box is always executed.
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4 Task

The following functions of the sorting station process description will be planned, programmed
and tested in this chapter:

— Automatic mode - Conveyor motor

5 Planning

The programming of all functions in OBL1 is not recommended for reasons of clarity and
reusability. The majority of the program code will therefore be moved into functions (FCs) and
function blocks (FBs). The decision on which functions is to be moved to the FB and which is to
run in OB 1 is planned below.

5.1 EMERGENCY STOP

The EMERGENCY STOP does not require a separate function. Just like the operating mode, the
current state of the EMERGENCY STOP relay can be used directly at the blocks.

5.2 Automatic mode - Conveyor motor

Automatic mode of the conveyor motor is to be encapsulated in a function block (FB)
"MOTOR_AUTO". On the one hand, this preserves the clarity of OB1. On the other hand, it
enables reuse if another conveyor belt is added to the station. Table 2 lists the planned

parameters.

Input Data Comment

Automatic_mode_active BOOL Automatic mode activated

Start BOOL Pushbutton automatic start

Stop BOOL Pushbutton automatic stop

Enable_ OK BOOL All enable conditions OK

Safety shutoff_active BOOL Safety shutoff active, e.g. emergency stop
pressed

Output

Conveyor_motor_automatic_mode | BOOL Control of the conveyor motor in automatic
mode

Static

Memory_automatic_start_stop BOOL Memory used for start/stop automatic mode

Table 2: Parameters for FB "MOTOR_AUTO"
The Memory_automatic_start_stop is latched with Start but only if the reset conditions are not
present.

The Memory_automatic_start_stop is reset if Stop is present or safety shutoff is active or
automatic mode is not activated (manual mode).

The Conveyor_motor_automatic_mode output is controlled when Memory_automatic_start_stop
is set and the enable conditions are met.
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6 Structured step-by-step instructions

6.1 Retrieve an existing project

14

You can find instructions on how to carry out planning below. If you already have a good
understanding of everything, it will be sufficient to focus on the numbered steps. Otherwise,
simply follow the detailed steps in the instructions.

— Before we can start programming the function block (FB) "MOTOR_AUTO", we need a

project with a hardware configuration (e.g. SCE_EN_012_101_Hardware_Configuration_S7-
1516F R1502.zap). To retrieve an existing project that has been archived, you must select

the relevant archive with — Project — Retrieve in the project view. Confirm your selection

with Open. (— Project — Retrieve — Select a .zap archive — Open)

T4 Siemens
| Froject [Edit WView Insert Online Options T
[3F New... ') *
- 3 Open... G0 |

Migrate project...

Delete project.. Crrl+E
drehive
HF Card Reader/USE memory »
' Memorycard file »

D:\automationld13_10..1013_101_CPU314C
DlAutomation\012_10..1012_101_CPU1516F
D:Werlagenprojekr_Webserv.. \Tank_V13_SP1
0:..\032-200_FB-Programmierung_S7-314...
DAAutomatisi.. \012-100_CPU1500_V13_SP1

Exit

— The next step is to select the target directory where the retrieved project will be stored.

Confirm your selection with "OK". (— Target directory — OK)
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6.2 Create a new tag table

— In the project view, navigate to the — PLC tags of your controller and create a new tag table

by double-clicking — Add new tag table.

Project Edit View Insert Online Options Tools Window Help

jEHSEVEPFOIECi qi M= X D P!‘iujj ooy o l','?.r & Goonline X Goi

fuu

Project tree m 4
Devices

HOQ g

~ [ ]012_101_CPU1S16F S

B Add new device
iy Devices & networks
o 5 CPU_1516F [CPU 1516F-3 PN/DF]
[IY pevice configuration
%] Online & diagnostics
I Frogram blocks

[ Technology objects
External source files
':a PLC tags

% showall tags

[ Add new tag table

..% Standard-Variablentabelle [54]
[ PLC data fypes =
[z2 watch and force tables
[ online backups

{ v v

* ¥ v v

=
= Traces

B8 Program info

-

[i§, Device proxydata
4 PLC alarms
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16

— Rename the tag table you just created as "Tag_table_sorting_station" (— right-click

"Tag_table_1" — "Rename" — Tag_table_sorting_station).

CPU1516F

Project Edit Wiew Insert Online Options Tools Window Help

A svepoea @ M EH B X WD T NE [Z & coonline @ cooffii
Project tree o 4

Devices
HOQ

= | ] 012_101_CPU15T6F F
B Add new device
gy Devices & networks
~ [[J CPU_1516F [CPU 1516F-3 PN/DP]
[l Device configuration
% Online & diagnostics

¥ 'z Frogram blocks =
» E Technolegy objects

4 External source files

i p_.d PLC tags

%g Showall tags
B Add new tag table
% StandardVariablentabelle [54]

v [ PLC data types
v 5l Watch and force tables
» rj’. Online backups

]

o
= Traces

kg Frogram info

T Siemens - D:\Automation\012_101_CPU1516F012_101_CPU1516F
Project Edit View Insert Online Opfions Tools Window Help

2 Totally Integrated Automation
Y | sweproiect 3| )

H X s B MG E R F coonline Fcoctiine fo ME 3¢ - []] PORTAL

012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags b Tag table sorting station [0]

| Devices @ Tags | @ User constants

BT

= oh B O i =

Tag table_sorting station
~ ] 012_101_CPUI516F ~ Name Data type Address Retain |Visibl... Acces.. Comment
B Add new device 1 <Add news (5] M ™
gh Devices & networks
~ [} CPU_1516F [CPU 1516F-3 PN/DP]
BY Device configuration
%/ Online & diagnostics
» [ Program blacks
b [ Technology objects
» [ Extemal source files
= (& PLCtags
25 showall tags
B Add new tag table
3 Standarderiablentabelle [54]
i Taq table_sorting station (0]
[ PLC data types
55, Watch and force tables A Properties  |%ijInfo |2 Diagnostics |
[ig online backups
[55 Traces
B Program info
v [if. Device proxy date |
2 PLC alarms General

[sowenn ] sxsel @]

J General |
T [l

Bl

Tag

g Text lists
b [ Local modules
» gf common data |
NI ity
~ | Details view

Name: |

Data type: | |3
Address: |
[ Retained

— e

Comment: |

Datatype  Comment Name

4 Portal view F=] Overview |55 Teqg table.so...
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6.3 Create new tags within a tag table
— Add the name Q1 and confirm the entry with the Enter key. If you have not yet created
additional tags, TIA Portal now automatically assigns data type "Bool" and address %I10.0 (I
0.0) (— <Add> — Q1 — Enter).

...rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table sorting station [1] - X

<1 Tags || E User constants

¥ ® D TQ =
Tag table_sorting station
Name Data type  Address Retain  Wisibl... Acces... Comment
a o1 | Boal E E| ] =

<

(vl

— Change the address to %Q0.0 (Q 0.0) by entering this directly or by clicking the drop-down
arrow to open the Addressing menu, changing the operand identifier to Q and confirming

with Enter or by clicking the check mark. (— %I10.0 — Operand identifier > Q — )

..rogramming » CPU_1516F [CPU 1516F-3 PN/IDP] » PLCtags » Tag table_sorting station [1] - X

|-em Tags ||IE User constants |

g 2| B 7 iy =
Tag table_sorting station
Narne Data type | Address Retain | Visibl.. |Acces.. Comment
@ ot Bool [g]|%i00 [+] = )
= . Operand identifier: !I ivl
Operand ype: IQ_
Address: M

Bit number: |D |

x|

— Enter the "Conveyor motor M1 forwards fixed speed" comment for the tag.

...rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags * Tag table_sorting station [1] - X

|@ Tags |@ User constants ||

I =
Tag table_sorting station
MName Data type | Address Retain  Visibl.. Acces.. Comment
1 a o1 Bool [l %Qu0 [+ [wl @ [conveyor motor 1 forwards fied speed
2 A T m [7]
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— Add a new Q2 tag in line 2. TIA Portal has automatically assigned the same data type as in
line 1 and has incremented the address by 1 to %Q0.1 (QO0.1). Enter the comment
"Conveyor motor M1 backwards fixed speed".

(— <Add> - Q2 — Enter -» Comment — Conveyor motor M1 backwards fixed speed)

..rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table sorting station [2] - X

:!@ Tags |[ & User constants |
¥ B T =
Tag table_sorting station
Name Data type Address Retasin  Visibl. |Acces.. Comment
1 < Q1 Bool %0Q0.0 ] M  conveyor moter M1 forwards fixed speed
2 < Q2 Bool IE %Q0.1 l: @ @ icen-.-eycr motor M1 backwards fixed speed|
3 <Add news il il M ™

6.4 Import "Tag_table_sorting_station"
— To insert an existing symbol table, right-click on an empty field of the created
"Tag_table_sorting_station". Select "Import file" in the shortcut menu.

(— Right-click in an empty field of the tag table — Import file)

T4 Siemens - DAAutomationi032_1 {N]_FC"-ng ramming¥032_100_FC-Programming

Froject  Edit  View Inzert  Online  Options  Tools  Window Help

[y H seveproject 5 M = DE X B2 : 5 M & ¥ Goonline o Gooiiine S, [M M8 > (]

roje ..rogramming » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags »
QO FE B TN
Tag table_sorting station
¥ | 7] 032_100_FC-Programming | ] Name Data type Address Retain Visibl.. |Acces
B Add new device B a o1 Bool %00.0 ~ =
Egh Devices & networks 2 a Q2 ) Bocl %00.1 g E
= [[§ CPU_1516F [CPU 1516F-3 PN/DF] 3 <Add pews | = EEEE V]
m Device configuration = =F Insert row
%/ Online & diagnostics =¢ add row
b [l Program blacks
3 _-:q Technolegy objects
b [} External source files
= [ FLCtaas =
é'é Show all tags £z
¥ ~dd new tag table
24 Standard-Variablentabelle [54] P nee et
o mTegable sonmingstation 2] 7 Meniter sl
b et s
4 - Watch and force tables Expart file
3 Online backups
§ ; g f od Properties
M8 Frogram in -
8 Prog fo [
. 3 ¥ &
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— Select the desired symbol table (e.g. in .xIsx format) and confirm the selection with "Open".

(— SCE_EN_020-100_Tag_table_sorting_station... — Open)

— When the import is finished, you will see a confirmation window and have an opportunity to

view the log file for the import. Click — OK.

Import completed with warnings (0032:000037) X

I Import completed with warnings.
"

Detailed information is shown in the import log
file.

Click here 1o view the log file.

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 19

SCE_EN_032-200 FB-Programming_R1503.docx



SCE Training Curriculum | TIA Portal Module 032-200, Edition 02/2016 | Digital Factory, DF FA

© Siemens AG 2016

— You can see that some addresses have been highlighted in orange. These are duplicate

addresses and the names of the associated tags have been numbered automatically to

avoid confusion.

— Delete the duplicate tags by selecting the lines and pressing the Del key on your keyboard or

by selecting "Delete" in the shortcut menu.

(— Right-click on selected tags — Delete)

032 100 _FC-Programming * CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags » Tag table sorting station [30]

'@ Tags @ Userconstants ||
F#E D Tm e
Tag table_sorting station X
IName ) Deta type Address Visibl_. |Acces—.  Comment =ni
LI T T < 1) Bool [£]%000 [v] W W conveyor motor M1 forwards fied speed 1~ L"_[_'l
z Al 02 Bond =nnt ~ M conveyor motor 41 backwards fxed speed E’
3 f..!’ Insert row & & rewm signal emergency stop ok (nc) g,
4 s i E E main switch JON" (no} :
5 Y an Crrl=x i~ B mode selector manuah(D) f autamatic(1) =
6 | Copy Cerl-C ] M pushbutton automatic start (o)
S| T Pust Crl- = M pushbution autematic stop (nc) =
B | x ! M sensorcyfinder 4 retracted (no)
g REngins = = M semseorginder-as extended inc)
0 Crasseefsrance infarmation ShikeF11 M E sensor moter M1 actice (pulse signal for positiening) (no)
" = M sensorpanatsiide (no)
13| °v Monitor all M M sensormetal part fno) L
13 Impaort file ] B sensorparin fontof cylinder 44 (no)
14 Export file g ﬂ sensor part at end of conveyor (no)
15 g, Pioperties = & pushbutton manust mode conveyor - forwards (no)
16— -3 v - n g pushbutton manual mode conveyor -M1 backwards (no}
1w @ S5 Bool %116 = pushbutton manual mode cylinder -M< retract (no)
1B 4@ 56 Bool %17 i~ &  pushbutton manusl mede cylinder 446 exzend (no)
% @ O Bool %Q0.0 =] & conveyor motor w1 forwards foed speed
. a Q2 Bool %Q0.1 =] M conveyer moter M1 backwsrds fixed speed
@ e Bool %002 ~ & conveyor motor-M1 variable speed
2 @ e Boel %003 ] M cylinder A retrace
B @ M Bool %004 ] M cylinder 444 extend
% a P Bocl w005 (] & display.main switch en”
FLE | F2 Bool %006 i~ & dispisy manual mode” ]
o6 ‘49  p3 Bepl %On7 ] ER  cdicplay ir mada* r"
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— You now have a complete symbol table of the digital inputs and outputs in front of you. Save

your project under the name 032-100_FCProgramming.

(— Project — Save as ... -»032-200_FBProgramming — Save)

| Project |Edit  View Insert Online Options Tools Window Help

= Totally Integrated Automation
r:rNew D B MG B R F coonline F cootfine fo MM ¢ ] PORTAL
' ,\D;;:(E — = 012_101_CPU1516F » CPU_1516F [CPU 1516F-3 PN/DP] » PLCtags * Tag table_sorting station [28]
Close Cerlw
H seve Culss g2 B Tn = |8
Crrl=Shift=S =
Tag table_sorting station 2
Delete project.. CulE [+] Neme Datatype Address  Ressin  Vsibl.. |Acces.. Comment -
Rechive— L Bool |E[%00 [*[ [ | | WM W [retumsignel emergencystopok (ne) - ‘:‘
BateTe 2 @ 0 %I0.1 =] #  msin switch ON (na) g
S Card ReaderlUSE memory » 5 a o %02 =] mode selector manual(0) l automatic(1} 2
' temory card file » & @ s %03 B 6 pushbutionsuiomsticstan(io) H
M . 5 a sz %04 M M  pushburton automatic stop (nc)
B - 5 poere =l a = %I0.5 =] M sensorcylinder M retracted (no)
. Pt i 7 @ 82 %06 =] M sensorcyfinder W4 extended (nc) =
— : 8 a3 %i0.7 (=] M  senscrmotorMi actice (pulse signal for...
DilAutomationl012_10..1012_101_CPUTS16F 5 @ 84 %10 =] B  sensorpartatslide (no)
ClUsersispelDo..1032_100_FC-Programming R i1t B & sensormenipan (o)
PLsomatoniO 3 10, 013101 CRURIAC Ly @ s %12 M B senscrpartinfons ofcylinder 44 (no)
Divoragenproekt Websen. Yiank Vi3 sk1 2 @ 87 =13 M & sensorpartatend of conveyor (no)
HhAbns 200 Fa fragmniriciong 7 30 =o@ s3 =14 M B puchbutton manual mode conveyor—hi.. |
DilAutomatisi.1012-100_CPU1500_V13_SP1 =
4 @ s %15 (=] [  pushbutton manual mode cenveyor ~M1...
Exit 5 @ 55 %16 =] #  pushbusicn manual mode cylinder -\ re...
» i Online backups 16 @ =s6 %17 =] ¥  pushbutten manual mode cylinder -4 ex..
b [ Traces woa ®Q0.0 =] M conveyor motor -t forwards fixed speed
55 Program info B @ Q2 %Q0.1 (=] @  conveycr motor M1 backwards fxed speed
» [l Device proxy data 19 @ Q3 %002 =] M conveyer motor-M1 variable speed
[ FLCslarms. 20 @ e %Q03 =] M cylinder-ia retrace
& Textlists I @ e %Q04 =] M cylinder -4 extend
(1 Local modules 2 a £ %Q0.5 (=] M display.main switch on®
Common data 3 @ 2 %006 =) [  display,manual made”
a - [} ¥ a %Q07 =] @  display,automatic mode”
| Details view % @ P %Q1.0 = display .emergency stop activated® Il
R o foki | i L b
Datatype  Comment Hame | ol Properties nfo &) | %l Diagnostics |
4 Portal Tag table_so...
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6.5 Create function block FB1 "MOTOR_AUTOQO" for the conveyor motor

22

in automatic mode

— In the PLC programming section of the portal view, click "Add new block" to create a new

function block.

="

"j Siemens - C:\UsersispelDocuments\Automatisierung\032_2 ljﬂ_ FB-Programming\032_200_FB-Programming

)

(— PLC programming — Add new block —

Totally Integrated Automat

5l Add new biock

@ Show all objects ";,AUTL ] :i
@ Add new block _—
B orc Language: | FaD [=]
|“ programming *B. Number: 1 ?l
. | Ormoniation O Menual
block

(@ Automatic

ss.ref s
ss-references : e
Functions are code blocks or subroutines without dedicated memory.

Function black

E

Function

| Dat black

Mere...
> | Additi

) Add new and cpen

b Project view Opened project: C:\Usersispe\Documents\Automatisierung\032_200_FB-Programming\032_200_FB-Programming
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— Rename your new block to: "MOTOR_AUTO", set the language to FBD and keep automatic
assignment of the number. Select the "Add new and open" check box. You are then taken
automatically to your created function block in the project view.Click "Add".

(— Name: MOTOR_AUTO—Language: FBD — Number: Automatic — ™ Add new and open
— Add)

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 23
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6.6 Define the interface of FB1 "MOTOR_AUTO"

— If you selected "Add new and open", the project view opens with a window for creating the

block you just added.

— You can find the interface description of your function block in the upper section of your

programming view.

...aming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] - X

G F e b EAE0EraEHuw e LB o
MOTOR_AUTO

Name Data type Default value Retain Accessible ... Visiblein .. .
<4 ¥ Input

(s

|v|

(ETRRE N
4 =

27 Qutput

« =

- InQut

[ REE B - BT,

[ ] <Add
<0 ¥ Static
9 4> Temp

11 <& ¥ Constant

L<] - 2]
¥ Block title: ]
¥  Network 1:
Wit _ (]
<l u > | [100% | ey Ay
24 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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— A binary output signal is needed for controlling the conveyor motor. For this reason, we first

create local output tag #Conveyor_motor_automatic_mode of the "Bool" type. Enter the

comment "Control of the conveyor motor in automatic mode" for the parameter.

(— Output: Conveyor_motor_automatic_mode — Bool — Control of the conveyor motor in

automatic mode)

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

\
PP b EABPE @ EW G AMY % ST B =
MOTOR_AUTO
Name Datat.. Defsul. Retain  Acce.. Visibl. Setp.. Comment
< ¥ Input
. <Add news
& ¥ Output
= Conveyor_motor_sutomatic_mode  Bool I’Eﬂ false M... E] E @ Control of the conveyor motor in automatic mode

= <Add news

3 e =

& ¥ InOut

= <Add news
B @ ¥ Static
2 = <Add news=
i0|q@ v Temp
1 L <Add news
12 <@ > Constant

3] = addnews

— Add parameter #Automatic_mode_active as the input interface under Input and confirm the
entry with the Enter key or by exiting the entry field. Data type "Bool" is assigned
automatically. This will be retained. Next, enter the associated comment "Automatic mode
activated".

(— Automatic_mode_active — Bool — Automatic mode activated)

— Add parameters #Start, #Stop, #Enable_OK and #Safety shutoff active as additional binar

input parameters under Input and check their data types. Add descriptive comments.

032-200_FB-Programming * CPU_1516F [CPU 1516F-3 PN/DP] *» Program blocks » MOTOR AUTO [FB1]

P EAEPE R O GEAT 2 8T B =
MOTOR_AUTO
Mame Datat.. |Defaul. Retsin | Acce.. Visibl. Setp.. Comment
1 4@ ~ Input [al
2 gl Automatic_mode_active Bool false Non-r_. D D Automatic mode activated
3 |- Start Bool Nonr.. [ ] Pushbutten automatic start ‘
4 @ Stop Bool Nont.. [ =] Pushbutten automatic stop
5 = Enable_OK Bool Nont.. [ = All enable conditions OK |=
6 4= Safety_shutof_active Bool [i]] false N... IT B B | safety shutoff active e.g. emergency stop cpera!edl ‘
oz [ <Add ne
8 |40 ¥ Output =
S 4= Canveyor_motor_automatic_mode Eool false Non-r... =] = Control of the conveyor motor in automatic mode
] = <Add new>
11 <0 ~ InQut
12 = <Add news
13 (40 ¥ Static
14 (] <Add news
15 @ > Temp |_ |
6] = Addnews I}
[<] [ B
o
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The conveyor is started and stopped with pushbuttons. We therefore need a "Static" tag as a

memory. Under Static, add tag #Memory_automatic_start_stop and confirm the entry with

the Enter key or by exiting the entry field. Data type "Bool" is assigned automatically. This

will be retained. Enter the associated comment "Memory used for start/stop automatic

mode". (— Memory_automatic_start_stop — Bool — Memory used for start/stop automatic

mode)

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

i e g EREDBr g Cdad % &7 H =

MOTOR_AUTO

MName Data .. Defaul.. Retain  Acce.. Visibl. Setp.. Comment

1 <@ ~ Input ~
2 e Automatic_mode_active Bool Non-... D D Automatic mode activated [l
3 o<e Start Bool Nonr.. [) O Pushbutton automatic start
4 g . Stop Bool Nonr... [l =] Pushbutton automatic stop =
5 «@w Enable_OK Eocl Non-.. [ =] All enable conditions 0K i
6 Gm Safety shutoff_active Bool Neon-.. [ ] = Safery shutoff active e.g. emergency stop operated
7 = <Add news .
8 @ ™ Output
g )= Conveyor_motor_automatic_mode |Bool false Non-... B B Control of the conveyor moter in automatic mede
10 = <Add new>
11 <@ ™ InOut
12 = <Add new=
13 @0 ~ Static
T4 = Memory_automatic_stari_stop N_ B =] = =] ‘ Memory used for start/ stop automatic mode

For purposes of program documentation, assign the block title, a block comment and a
helpful network title for Network 1.

(— Block title: Motor control in automatic mode — Network 1: Memory_automatic_start_stop

and control of the conveyor motor in automatic mode)

MOTOR_AUTO
Name Datat.. Defaul. Retain  Acce.. Visibl. Setp.. Comment
1 <@ ™ Input |~
2 @n Automatic_mode_active Bool false Nent.. [] = Automatic mode activated
3 an Start Bool false Nor-r.. [C] B Pushbutton automatic start A
4 Qe Stop Bool alse Nen-r.. [ =) Fushbutton automatic stop 7
5 Qe Enable_OK Bool al Norer.. [] B All enable conditions OK |
6 @n Safety_shutoff_active Bool als Non-r.. [ ] B Safetyshutoffactive e.g. emergenc...
7 <@ ™ Output
E @m. Conveyor_motor_automatic_mode Bool 35 Nen-r.. [ =] Control of the conveyor motorina...
9 <@ ~ InOut
10 L] <Add news
11 €@ > Static
12| e. Memory_sutomatic_start_stop Bool false Nonr.. [ 2] [  Memoryused for start stop autom... | ¥ |
[<] M |
L W s, | T
w Block title: Moter contrel in automatic mode [A]
w Conveyor motor in automatic mode: [
The bit Memory_sutomatic_start_stop is set with the input Start, but only if the reset conditions
are not fufilled.
The bit Memory_sutomatic_start_stop is reset with the input Stop or if the safety shutoffis =
activated or if the automatic mode is not activated ( manual mode).
If Memory_automatic_start_stop is set, the enable conditions are granted and
Memery conveyor_start_stop is set the output Conveyor_motor_automatic_mode is activated.
For reasons of energy efficiency the conveyor moter should only run ifa partis present. [
Therefore Memeory_conveyor_start_stop is set ifthere is a partdetected in front of Sensor_slide
and reset with 3 negative edge at Sensor_end_of conveyor or if the safety shutoffis activated
or if the automatic mode is not activated { manual mode).
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode [ ]
100% 7 W B
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6.7 Program FB1: MOTOR_AUTO
— Below the interface description, you see a toolbar in the programming window with various
logic functions and below that an area with networks. We have already specified the block
title and the title for the first network there. Programming is performed within the networks
using individual logic blocks. Distribution among multiple networks helps to preserve the
clarity of the program. In the following, you will get to know the various ways you can insert
logic blocks.

& =1 - =0l = =]

— You can see a list of instructions you can use in the program on the right side of your

programming window. Under — Basic instructions — Bit logic operations, find function

-[=] (Assignment) and use a drag-and-drop operation to move it to Network 1 (green
line appears, mouse pointer with + symbol).

(— Instructions — Basic instructions — Bit logic operations — -[=] )

B 0Q g b 6 D 0g blo OTO O B
Options
G F T g EORESBraHl A @B 2 &2 K EY ] T =]EI
MOTOR_AUTO | Favorites
Name Data type |Defaultvalue Retain Accessi... Visible ... | Setpoint | Comment
PR 4 -l
1 @~ Input -
2 |- Automatic_mode_active Bool false Non-retain D D Automatic mode a...
3 @n= Start Bool false Non-retain ] =] Pushbutton aulom...E I o
4 |- Stop Bool false Non-retain @ E Pushbutton autom...
5 d@nm Enable_OK Bool false Non-retain ] =] All enable conditio...
6 | = Safety_shutoff_active Bool false Non-retain D D Safety shutoff activ... v | Basic instructions
B SO » [ ] General -
8 = Conveyor_motor_automatic_mode Bool false Non-retain @ E Control of the conv... - Bit logic opere... 1
B0 (IOt AND logic...
n| n OR logic 0...| =
e EXCLUSIV...
& =1 4 -a = ] = oms Assignme...| |
. . EE = Negate as...
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode F=ciara
“omment Set output
Set bit field
= RESET_BF  Reset bit fi...
SR Setireset fl...
RS Resetset fl..
P~ Scan oper...
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— Now use drag-and-drop to move your output parameter #Conveyor_motor_automatic_mode
onto <??.?> above the block you just inserted. The best way to select a parameter in the

interface description is by "grabbing" it at the blue symbol a

(— < Conveyor_motor_automatic_mode)

T Slemens - D00 _DATASIEMENSWnterlagend8_Ausbildungsunterlage TIA-Portal R1503_elSCE EN_032-100 FC-Programming\d32_200 FB-Programmingh032_200_FB-Programming
Project Edit View Inset Online Options Tooks Window Help Totally Integrated Automation
G R seepoiee @ X 12 o X D2 S0 EE R S Goonline (F cootiie fo AR x| 1] PORTAL
032_200_FE-Programming * CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR AUTO [FB1]
| Devices '_ Eq
100 Z|EkPd b EERDBtQEHN 808 s & T H =] 5
MOTOR AUTO i
* _] 032_200_FE-Programiming Hame Dats type | Dedault value  Remain Atcesublet . Viublein . Sepoimt  Comment g
W Add new device 1@~ Input lal*
by Devices & networks 2 @as  Automatic_mode_active ool E Non-retain ] = Automatic mode activated -
= |3 CPUTS16F [CPU 1516F-3 PHIDP] 3l smn Bool e Nor-retain =) B Pushbutton automatic stan =5
I cevice configuration 4 @e  swp Bool Non-retain =] = Pushinstton automatic st E
! Online & diagnestics 5 @w  Enable_OK Bool ¢ NON-retain ] = All enable conditions 0K S
* I Progeam blocks & =  Safety_shutoff_active Boal e Nor-retain (] = Safety shutoHf active .q. emergency stop oper [
I Add new block 7 4@~ Output =
& Main [061] 8 @+ Comeyormotor_automatic_mode Bool |1 e Horrer[=] A =] Controd af the conveyor motor in automatc m. | &
& MOTOR_AUTO [FB1) § @~ Indut §
@ MOTOR_AUTO_O81 [DE1] - - e e
= 4l u *
» L4 Technchogy objects = T —— |
v U5 Extemal source files i o i} A e o= ] w o= )
b Ll PLC tags E
» 3] PLC data types  Block title: Motar contral in automatss mode alF
v [ Watch and force tables B Conveyor motor in BUToMate mode: E
+ [ Online backups
* (24 Network 1:  Memory sutomatic_start_stop and control of the conveyor moter in swicmatic mode !
» [ Traces A
& Program info. . 1
» 8 Device proxy data
1 PLE alarms -
&) Text lists -
v [ Local modules - —
+ 5 comman data
+ £ Documentation Settings
v [ Languages & resources
¥ (3 Onlire access — ~
» 19 Card ReaderiUsE memony 100% =l —
> | Details view | dproperties  |*Winfo | % Diagnostics

4 Portal view & MOTOR_AUTO

— This determines that the #Conveyor_motor_automatic_mode parameter is written by this
block. Still missing, however, are the input conditions so that this actually happens. An SR
flip-flop and #Enable_OK parameter are logically combined with an AND logic operation at
the input of the assignment block. To do this, first click the input of the block so that the input

line has a blue background.

#Conveyor_
rnotor_
automatic_
mode
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— Clickthe ® iconin your logic toolbar to insert an AND logic operation before your
assignment block.

s O o, i |

a =z=1 B A4 =—a = H-]

F Blip AND logic operation [Shift+F2] iatic mode
Conveyor motor in autornatic mode:...

F Network 1: Memaoryautomatic_start_stop and control of the conveyor motar in autamatic mode

Comment

#Conveyar_
motor_
automatic_
mode

DF FA

— Use drag-and-drop to move input parameter #Enable_OK onto the second input of the &

logic operation <??.?>. (— < Enable_OK)

..gramming * CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

xS g EAEDEr Gt Tl e AET e &2 B =

MOTOR_AUTO

Narne Datat. |Defaul. |Retsin | Acce. Visibl. Setp Comment

1 €@ ™ Input ; [ ]
2 4dimw Autornatic_mode_active Bool false norr. [ =] Automatic mode _ T
3 i mw Start Bool false Mon-. [ = Pushbutton auto_. |
4 gimw Stop Bool falze Monr.. [l & Pushbutton auto__
5 aim Enable_OK Bool [l alse N [~] [ =] All enable conditi...
6 41w Safety_shutoff_active Bool false Mont_ [ M Safetyshutofacti...
7 <4 ¥ Output |
8 4l Conveyor_motor_automatic_mode  Bool false Monr.. v [ Control ofthe con... |
Sosrmdihiaeeeee e e R e e e B S S | Bt

[ <] i | >

Fa&™ e

& »=1 4 =a = =]

}» Conveyor motor in automatic mode:...

w 6.4 Network 1: Memoryautomatic_start_stop and control of the conveyor moter in automatic mode

Camment

#Conveyor_
mator_
automatic_
a mode

100% M

W
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— Use drag-and-drop to move the Set/reset flip-flop function SR from the list of instructions

under — Basic instructions — Bit logic operations onto the first input of the & operation 1.

Options
GRS i EAER8SHl Cl8aB 2 &7 B g [ Jwmat OH|F
MOTOR_AUTO » |Favorites s
Name Datat.. Defaul. [Retain |Acce.. Visibl. |Setp.. |Comment + | Basic instructions g
g lqi= Conveyor_motor_sutomatic_mode Bool false Hont.. (o =) Control ofthe con... [a [ 0 TDescrip.— =
i T = IO » [ General =|‘.
:? 5 : Sta:i:a s E‘ ~ [ l?i_t\ugic operations %‘
- Fa AND lo... e
1241 = Memory_sutomatic_start_stop Bool @ false M. m E B D Memory used for ?_'.'_' =1 ORlogi... g
L] P 2 o« EXCLUS 5
£ =1 Assign... =
* = el i sl 2 T -fi=] Negate ... “?
* Block title: Motor control in automatic mode E‘ -[R] Reseto..| | E
» Conveyor mator in automatic made:.. g'\ 5] Set cut'... G
[| SET_BF Setbitf.. ===
¥  Network 1: Memoryautematic_start_stop and contrel of the conveyor moter in sutematic mode | T RESET_BF Reset bi... L
T SR Setirese... E‘
T Rs Resetise.. g‘
,IIH -Fl- Scano.. a2
#Conveyor_ BT - Seano.. |
aun:nor::‘art_\: T -Ip- Setope...
& mode m -{N]- Setope...
<@ 0 = E‘w P_TRIG ScanRL...
#Enable_OK -] -.'_'rl l_ Eﬂ N_TRIG ScanRL...
o ame e ]

— The SR flip-flop requires a memory tag. For this, use drag-and-drop to move static

parameter #Memory_automatic_start_stop onto the <??.?> above the SR flip-flop. (— <

Memory_automatic_start_stop)

...gramming »

CPU_1516F [CPU 1516F-3 PN/IDP] » Program blocks » MOTOR_AUTO [FB1] - X

2 |4 ™ InOut

11 g0 > Static

i F e p EDEEE @ Ceaas % &7 R =
MOTOR_AUTO
MName Datat.. Defaul. Retain | Acce.. Visibl. -Setp... Comment
8 -@. = Conveyor_motor_automatic_mode Bool  fsls=  Monr. E T E | Contol ofthe con.. !T

10 = <Add new>

12 €= Memory. automatic_start_stop Bool E]. false M. E! v =] [1 Memoryusedfors.. |

<]

[¢]

|

i O i

& ==1 7}
w Block title:

¥ Conveyor motor in automatic mode...

B G Network 1: Memory automatic_start_stop and control of the conveyor motar in automatic mode

- =ol = =]

Motor control in autornatic mode

#Conveyor_
rmotor_

& automatic_
mode

#Enable_OK =i — _—
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— The #Memory_automatic_start_stop will be set with input tag #Start. Click twice on the
S input of the SR flip-flop <??.?> and enter "Start" in the field that appears in order to see a

list of available tags starting with "Start".Click the #Start tag and apply with — Enter.

(— SR flip-flop — <??.?> — Start — #Start — Enter)

..gramming *» CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] - X

Wl EFF s EOEP8r@EHE Caad L &7 B =

MOTOR_AUTO
MName Detat.. Defaul. Retsin | Acce.. Visibl. .Setp... |carnment

§ @n Conveyor_motor_automatic_mode Bool false Monr.. [ ] Control of the con..

S @@ > InOut

10 = <Add news> =

11 41 * Static

12 al . Memaory_automatic_start_stop Bool =] &lse M... E| ] =] [ memoryused fors...lz‘
[ <] 1 | [2]

& =1 @ 4 -0 = -]

w Block title: Motor contral in automatic mode
P Conveyor motor in automatic mode:...

- Q Network 1: Memoryautomatic_start_stop and control of the conveyor motar in automatic mode

#Memony_
automatic_
start_stop 2
#Conveyor_
- SR maotar_
stary LI & autormnatic_
#Stan Bool Pushbutton aut... ~

Note: When assigning tags in this way, there is a risk of a mix-up with the global tags from the
tag table. The previously presented procedure using drag and drop from the interface description
should therefore be used preferentially.

— Multiple conditions are to be able to stop the conveyor. An OR block is therefore needed at
the R1 input of the SR flip-flop. First, click the R1 input of the SR flip-flop so that the input

line has a blue background.

#Memony_
automatic_
start_stop
FCanveyar_
SR mator_
f5tan—g & automatic_
o —F7 Q =— mode
=
£Enable_OK = 3k —_— —_—
For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 31

SCE_EN_032-200 FB-Programming_R1503.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 032-200, Edition 02/2016 | Digital Factory, DF FA

— Clickthe **" iconin your logic toolbar to insert an OR logic operation.

& v = 1 - =0l = =]
¥ Blocly Shiogic cperation [shikiF] T mode
4 CGHVE)’DF PCTar N automatic mooe...

¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode

Lamment

#Memory_
BUtOMAatic_
Starr_stop
#Conveyor_
SR motor._
FEtArM—g & BUTOMATIC_
=R i mode

FEnahle_OK =zt — —_—

— The OR block has 2 inputs initially. In order to logically combine an additional input tag, click

the yellow star ** of the OR block.

»=l

— Add input tags #Stop, #Safety_shutoff_active and #Automatic_mode_active to the 3 inputs of

the OR block.
=EL #Memony_
#5top — automatic_
£Safety_shutoff SIAIL.SE0p
i . #Conveyoar_

BCIVE = SR motar._
£AuUtomatic_ #5tari—5 & autematic_
mode_active — 3% m1 §— made

#Enable_OK =i} e -
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— Negate the input connected to parameter #Automatic_mode_active by selecting it and

clicking ~"

& >=1 4 =ol = =]

¥ Blocktitle: Motorcoy | o gl o [crrl+Shifts4]
F Conveyor motor in automatic mode ..

i Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode

=i

— Do not forget to click kel Save project  The finished function block "MOTOR_AUTO" [FB1] in
FBD is shown below.

..._FB-Programming * CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks * MOTOR_AUTO [FB1]

£Enable_OK =zt

#Memorny_
5t0p— automatic_
25afety_shutoff iAo
= e #Conveyor
active — SR mmo?ﬂ e
#Automatic_ #5tarn—g automatic_
mode_active [ s Ri Q— maode

- X

Wik b EREPEr@EF Caad s & B =
MOTOR_AUTO
Name Datat.. |Defaul. |Retain |Acce.. |Visibl.. -Setp_.. [comment
1 4 ™ Input i ]
2 4] .- Autornatic_mode_active Bool falce Mon-... D D Automnatic mode activated }:
3 g = Start Bool false Norr. [ = Pushbutton automatic start —
4 4= Stop Bool falze Norr. [ ¥ Pushbutton automatic stop
5 4= Enable_DK Bool false MNon-r... D D All enable conditions OK
6 4] = Safety_shutoff_active Bool false Mon-... D D Safetyshutoffactive eg.e..
-
i ﬂ_ Qutput . . . = L - EI
(<] TR |

& »=1 4 =0l = =]

armment

- Metwork 1: Memaryautomatic_start_stop and control of the coanveyor motorin automatic mode

> #Memory_
#Stop— sutamatic_
#5afery_shutofi start_stop SR
BERIVE = SR motol?ln s B
#Automatic_ #itart—g autornatic_
mode_sctive B 55 R1 Q— mode
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— Under "General" in the properties of the block, you can change the "Language" to LAD

(Ladder Logic) (—Properties — General —» Language: LAD)

|§, Properties HE.'. Info 4 ”ﬂ Diagnostics

Time stamps

General

General

Information

Compilation
Protection
Attributes
Download ...

L

Tl T

General

Name
Type

Language

Number:

: | MOTOR_AUTO |

: [FB |
- [LaD [~

|

FED

@ autematic

— The program has the following appearance in LAD.

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

Wil ¥ 2 b ER SR8 @:EHECcEat N &7 B =
MOTOR_AUTO
Name Datat..  Defaul. |Rewsin |Acce.. |Visibl.. Setp.. |Comment |
1 & ™~ Input |7
2 @|Hmw Automatic_mode_active Bool Non-_.. D D Automatic mode activated =
3 an Start Bool Non-r... D D Fushbutton automatic start
4 @A Stop Bool false Non-r... 8 E Fushbutton automatic stop _Jg
[<] e
b Al =0 —_
v Block title: Motor control in automatic mode i~
P Conveyor metor in automatic mode:..
¥  Network 1: Memoryautomatic_start_stop and control of the ¢ yor maotor in ic mode
#Memory_ #Conveyor_
automatic_ motor_
stari_stop automatic_
#Stan SR #Enable_OK rmode
] — o |} ()
#5top
I L
1 F R1
#5afety_shutoff_
active
1 i
LI
FAUTOMatic_ =
rmode_active
| v|
<l T 5> [100% |2
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6.8 Program organization block OB1 — Control of the forward belt
tracking in automatic mode

— Before programming organization block "Main [OB1]", we switch the programming language
to FBD (Function Block Diagram). To do so, first click on "Main [OB1]" in the "Program
blocks" folder.

(— CPU_1516F[CPU 1516F-3 PN/DP — Program blocks — Main [OB1] — Switch

programming language — FBD)

T Siemens - CAUsersispelDocumentsiAutomatisierungi032-200_FB-Programming\032-200_FB-Programming

Project Edit View Insen Online Options Teols Window Help
Cf Rl soveprojec & X T8 = X M2t T MG E RV coonline (Fcooiiie fr A ¥ 1)

Project tree

Totally Integrated Automation
'ORTAL

Devices

QO

L
| BRI

~ | ] 032200 FB-Programming 3 T
[ Add new device
sy Devices & networks
- [[§ CPU_1516F [CPU 1516F-3 P
Y pevice configuration
R online & diagnastics

T

+ [l Program blocks

B Add new block
ieu B MO Open
& MOTOR

» (3 Technology &
» [ External so

Py ctrlsC

b (g PLCtags
b [ eLCdata op X Delete Del
» [2) Watch and Rensme F2
» (i) Online backy ~ Cornpile » )
» [ Traces Download te device » Dav
1 Program infc & Ge enline Cirl+K U
| (8 naicoams| g9 Go offine Curl=h
< LU

Crosseference information  ShiftF11
¥ Crossreferences F11 -
H call structure =

~ | Details view

Mame signment list
programming language »
Knowhow protection

& Frint. Crrlep

< | & Frims previe. | Properties  [*info 11| % Diagnostics
i Properties... AlteEnter

— Open the "Main [OB1]" organization block with a double-click.

Project Edit View Insert Online Options Toc

* | ] 032-200_FB-Programming ~
ﬁ'b' Add new device
EE—,:, Devices & networks
~ [ CPU_1516F [CPU1516F3 P

I]'f Dewvice configuration

L Online & diagnostics
i r;i:: Program blocks
ﬁ Add new block
48 Main [OB1]
£ MOTOR_AUTO [FE1]
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— Assign Network 1 the name "Control conveyor tracking forward in automatic mode

(— Network 1:... -»>Control conveyor motor forwards in automatic mode)

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [0B1]

Wi F e s EOE08:atEFCtcaEaas s & T B =

Main

Name Data type Default value Comment

1 & > Input . . . |T
Z @n Initial_call Bool [ Initial call of thiz OB E
3 @@= Remanence Boal =True, if remanent data are available
4 |~ Temp
5 = <Add new:> 'T

PP

z »=1 - =ol = =]

w Block title: "Main Program Sweep (Cycle)”

e’ Network 1: Control conveyor motor forwards in automatic made

— Use drag-and-drop to move your "MOTOR_AUTO [FB1]" function block onto the green line
in Network 1.

vens - C:WsersispelDocumentsiAutomatisierung\032-200_FB-Programming\032-200_FE-Programming

Project Edit View Insent Online Options Teols Window Help Totally Integrated Automation
G Ml serepoieer S N 2 o X s M E BB I coonline Ff cootiine fo MM x ] PORTAL

Devices Options

HOO Wi FE e b EARED8G:El P GEAT i ST B =1 | =]
Main ~ | Favorites 8

~ ] 032-200_Fa-Frogramming [a] Name Dats type Defeultvelue  Comment g
B Add new device i@ inpu 7 LI 2
th Devices & networks 2 l@=  Initel_Call ool = Initial call of this 08 ||y L

~ [i§ CPU_1516F [CPU1516F3 P... S ane  Remansnce 8ol =irue, Ifremanent data are available = 1 o
Y pevice configuration =l: @~ Temp 2

| Online & diagnastics s n chddr v g

~ [ Frogram blocks = &
B Add new block L e A A R Ml M i

& hoin [UBJ}“ w Block title: “Main Frogram Sweep (Cycle)” 'i’

4 MOTOR AUTO[FE1] e a

¥ L Technology objects T
» [ Extemsl source files ¥  Network 1: Control conveyor motar forwards in automatic mode | |
» (@ PLCtags e ]

» [ PLC dats Types 5

[35 Wietch and force tables 3

» [ Online backups i &

» [ Traces = =

~ | Basic instructions b=

B program info -
Ml s i3 Name
<[ n 3 » [ General
~ | Detalls view ¥ ] Bit logic cperations
+ [@] Timer operations

Extended instructions
Technology

005 Ml i 1> [communication

< i » |'dl Properties  [*ijinfo | % Diagnostics | 3 | Optional packages

Name Address <] [
>
>

Overview & Main
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— The instance data block for this call of FB1 is created automatically. Assign a nhame and
apply it with OK. (- MOTOR_AUTO_DB1 — OK)

Call options %
[ Data block
“B Name [0 TOR AuTD_DE] >l
Murmnber | 1 H
Single -
instance OManuaI
f®) Automatic
The called function block saves its data in its own instance
data block.
Mere
ok || cencel |

— A block with the interface you defined, the instance data block and connections EN and ENO

are inserted in Network 1.

%81
"MOTOR_AUTO_
[o]:
&FB1
"MOTOR_ALTD"
-=1EN
Autornatic_
Else =t mode_active
Start
Conveyor
Stop rmotor
Enable_ 0K automatic_
Safety mode f— __
falze —dshutoff_active ENC—

— Toinsert an AND before input parameter "Enable_OK", select this input and insert the AND

by clicking the % iconin your logic toolbar (— & ).

S S T T B O |
P AND lagic operation [Shift+F2]

%81
*MOTOR_AUTO_
DB*
e
"MOTOR_AUTO"
——EN
Automatic_
falie = mode_active
7€ =—Stan ¢
=3 CNVeYyor_
Stop motor_
I22 El Enable_0OK automatic_
Safery: MOdE —
fzlz e == shutoff_active ENG
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— To connect the block to the global tags from "Tag_table_sorting_station", we have two

options:

— Either select the "Tag_table_sorting_station" in the project tree and use drag-and-drop to

move the desired global tag from the Details view to the interface of FC1 ( —»

Tag_table_sorting_station — Details view. —» SO — Automatic_mode_active)

= [3 PLC tags
%5 Showall tags
B Add new tag table
'3 Defaulttag table [54]
i35 Tag table_sorting station [28]
» (g PLC data types
» [5) Watch and force tables
» [ Online backups
» [ Traces
Eo§ program info

alE o dat

~ | Details view

Weme  Dataty.. Comment
@ -03 Bool conveynrmu(or—M‘\vaﬁab\esp.

50 Bool [ mode selector Jauto..
@ -S1  Bool pushbutton automatic start (ne)
& -52  Bool pushbutton automatic stop (nc)
@ -S3  Bool pushbutton manual mode conv...

£33 Network 1: Control conveyor motor forwards in automatic mode

Comment

%DB1
"MOTOR_AUTO_DB"
%FB1
"MOTOR_AUTO"
«—EN
Automatic_mode_
I — ocive
false — start
false — Stop
Enable_OK Conveyor_motor_
safety_shutoft automatic_mode — ...
false — active ENO —

— Or, enter the starting letters (e.g. "S") “-S"of the desired global tag for <??.?> and select the

global input tag "-S0" (%10.2) from the displayed list. (— Automatic_mode_active -» S — -

S0)
d =1 [ A =a = e
Camment
YDB1
*MOTOR_AUTO_
DE”
WFB1
MOTOR_AUTO"
= EN
utomatic_
5| il mode_active
& < 50" Bool %l0.2 mode selectorman... | 4|
<TI0 ] "s1" Bool %103 pushbutton sutorn... |
o m—k =] *-52" Bool %10.4 pushbutton autom... | -
<] "-s3" Bool %11.4 pushbutton manual... |
< "-54° Bool %i1.5 pushbutton manual... |
< 55" Bool %l1.6 pushbutton manual... [
38 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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— Insert the other input tags "-S1", "-S2", "-K0", "-B1" and "-A1" and insert output tag "-Q1"
(%Q0.0) at output "Conveyor_motor_automatic_mode".

DB
"MOTOR_AUTO_
pe”
a1
"MOTOR_AUTD"
wie =N
W02 Automatic_
"-50" = mode_active
& %03
%0.1 "51" ——Ctart
"KO" m— W0 .4
o Conveyor.
@ G2 — =
0.5 Step motor_
B -k Enable_OK automatic_ %000
WO  Safety mode — "1
*-A1" == shutoff_active ENO —

— Negate the querying of input tags "-S2" and "-A1" by selecting them and clicking

=-al =al
(»-S2—> —-Al > )
*DB1
"MOTOR_AUTO_
oe”
YFB1
"MOTOR_AUTO"
= |
W02 Automatic_
50" — mode_active
& W0 .3
0.1 51" — ctart
KOt — 40.4 c
*52* w0 anveyar_
0.5 Step motor_
0§ At Enable_OK sutomnatic_ Q0.0
%00 Safety Mode 01"
"-A1" =0 shutoff_active END —
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6.9 The result in the LAD (Ladder Logic) programming language has
the following appearance.

...2-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [0OB1] - El X

Comment |
1 @~ Input E
2 4. Initial_Call Bool =) Initial call of this OB _|i
< 1]} »
s =T LB

HF Al —0— I = S

- m Control conveyor motor forwards in automatic mode % |

“oBe1
"MOTOR_AUTO_
DB*
81
“MOTOR_AUTD"
EN ENOQ ———————————
: Canveyor.
0.2 =
S — aaca s -
= automatic. Q0.0
%403 Mode ——*-Q1°
"51" == stan
%o .4
g
—t Stop
%601 %605
“Ko" *B1"
: : Ir I Enable_0K
0.0
Al Safery_
:/I shutoff active
[+l
40 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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6.10 Save and compile the program

— To save your project, select the kel save project byton in the menu. To compile all blocks,

|
“m

click the "Program blocks" folder and select the icon for compiling in the menu
1

).

ol

(- kol saveproject _, program blocks —

% Siemens - C\Userslspe\Documents\Automatisierungi03 2—200_-F B-

Project  Edit  Wiew Insert  Online Options Tools Window Help

Cf D savepoie & X 3 B X D2

Project tree m 2-200 FB-Proarany]
- - Compile
Devices

HO O F iy f
+ | ] 032-200_FB-Programming Al name
EF Add new device 1 <4 > Input
gy Devices & networks 2 4q= Initial_Call
i [E. CPU_1516F [CPU1516F-3 P... |—(T

[I§ pevice configuration
9] online & diaghostics
> . Program blocks
E Add new block
| Main [OB1]
B MOTOR_AUTO [FB1]

*  Network 1: Cen

— The "Info", "Compile" area shows which blocks were successfully compiled.

| Properties  |%i}Info ©)|[2) Diagnostics s

| General y" Cross-references || Compile ” Syntax |

@E@: Show all messages [~

Compiling completed (errors: 0; warnings: 0)
I | Path Description Goto |7 Errors

& ~ cruisieF A 0
@  ~ rrogram blocks P 0
Q MOTOR_AUTO (FB1) Block was successfully compiled. P o
] MOTOR_AUTO_DB (DB1)  Block was successfully compiled. Fa
e Main (OB1) Block was successfully compiled. s
Q : Compiling completed (errors: 0; warnings: 0)
For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 41
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6.11 Download the progra

m

— After successful compilation, the complete controller with the created program, as previously

described in the modules for hardware configuration, can be downloaded

(> &),

T4 Siemens

- C:\Users\spel\DocumentsiAutomatisierung\032-200_FB-Programming\032-200_FB-Programming

iject Edit  View \ns.erl Onhne‘ Options  Tools ‘.'\Tdow Help ; 5 Totally Integrated Automation
Gf i H sevepoier @ X H X e 5 MG E R F coonine ¥ Gooffine | fo I ¥ - ] PORTA
frojectties o 4 Downlead te device % Azl
Devices Ea]
e 2 S -— @ g [Fok e ¥ = (=
FHOO i et g EAEEEsacEHl 2@ 1 &7 B =N
c
7 032-200_F&-P i P Ha
i g -200_| rogramming ~ g
B Add new device & || fHE| o el | i ox] @
ﬂ'ﬁ'ﬁ Devices & networks [
=|* Network 1: Contral conveyor motor forwsrds in automatic mode |A ==
_______ ol jlcm 1516F [CPU 1516F-3 P. 3 i _g,J
ce configuration Eomment =
@
Y| Online & diagnostics g
= [ Program blacks nE1 =
B Add new block *MOTOR_AUTO_ . ]
& Main [OB1] DE B
L MOTOR_AUTO [FB1] = %FB1 p
- w
§ MOTOR_AUTO_DE [DB1] GIoR AR =|%
¥ [_:p Technology objects S — =
B Add new object W02 Automatic_ m
» [} External source files 50" — mode_sctive g
» L@ PLCtags [+] & %03 s
SEE il g
<] il 3] 0.1 51" — Sman 2
+ | Details vi e — w04 @
ela s AW, 5o Conveyor,
52" —0 = ||
0.5 Stop motor_
B1" sk Enzble_OK automatic.  %Q0.0
,NE’,“” ) i WO safery MOde ——"-Q1"
[ Device configuration o “-A1" =0 shutoff_active END —
9| online & diagnostics E
(=)
=+ Program blocks - = —— —
'_:ﬂ Technology objects < “ I | | > ‘ ‘1_00% |'i =
External source files [+ Ig Properties ﬂ‘l-lv Info i) H %} Diagnostics
4 Portal view 23 Overview & Main

42
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6.12 Monitor program blocks

— The desired block must be open for monitoring the downloaded program. The monitoring can

be activated/deactivated by clicking the

...0_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

" icon. (> Main [OB1] » |~ )

- EX

Wi ¥ kb =B EE8 G

@B eeEad s &7 B

T T

s >u1 4 =sl = =]

w*  Network 1: Control conveyor motor forwards in automatic mode

%DB1
"MOTOR_AUTO_
DE"

Monitoring onloff

TFB1
"MOTOR_AUTO"

—-—EN

W02 | Automatic_
*-50" == mode_active

& W03
0o 1 51" —san
"HO" — 0 4
w05 52 —9lstop S
Bt —sk Enable_OK sutomatic_
0.0 Safety. made
"-A1" =S shutoff active ENC

%00.0
Eopes

i e s EAERE 2= P aas | & M =
& »=1 - =0l = o]
¥  Network 1: Control conveyor motor forwards in sutomatic mode ~
%DB1
“MOTOR_AUTO_
De"
FB1
MOTOR_AUTD"
EN =
TRUE
W02 |Automatic_
*-50" —made_active
o FALSE
TRUE e
%§0.1 517 ~~{Start
- TRUE i
TRUE 04
%0.5 52" —gstop .
g1t —tin anveyor_
- Enable_oK Rt TRUE
TRUE automatic_ 0o o
WO |safery mode f—"-Q1°
"-A1" —8shutoff_active ENO{— F

Note: The monitoring here is signal-related and controller-dependent. The signal states at the

terminals are indicated with TRUE or FALSE.
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— The "MOTOR_AUTOQ" [FB1] function block called in the "Main [OB1]" organization block can
be selected directly for "Open and monitor" after right-clicking (— "MOTOR_AUTO" [FB1] —

Open and monitor).

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [0B1] — X

Wi F E k EREPDEr G e e &F B =
FEET] -4 =0l = o]
w081 [~
*MOTOR_AUTO_
oe”
Modify »
—{EN Open E|
— openand monior |
%0.2 |Automd Define teg Curl=Shiftsl
50" —|mode_|  Rename tag... CrlsShiftsT
& FALSE Rewire tag... Crl+Shift+P
TRUE 0 X cut curlex
%0.1 SV =-isten | g copy CrrleC
"0 — TUE O Paste Cirlav =
W04
TRUE
5] *52" ~dlsiop X Delete Del
BT —fk Enable] Goto 4
Cross-reference information  Shift+F11
ws Safety.| Show overlapping sccesses
“-A1" ~Qfshy Change instance...
Update block call I.__r.
+ N k2 1% Insert network CirlsR
Insert STL network i
Comment 7 insert empty box Shift<Fs =
]:-ti Insertinput and output CrrlsShifts3 E
Ty

Froperties Alt+Enter

032-200_FB-Programming » CPU_1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] <
=25
ol
G e ke EEED8 B R LY &F B ERH
, SR 2
Call path: Main [OB1] e 3
& a1 (B A -al = ]
 Block title: | Motor control in automatic mode -E
b Conveyor motor in automatic moede:... 5
4
¥  Network 1: Memoryautomatic_start_stop and control of the conveyor motor in automatic mode a
Comment
-
 FALSE

$3tp #Memory_
FALSE automatic_ E
#Safety_shutcfi_ SIAFL_S10p =3
active —-f g-
HUE FALSE o -

#Automatic_ £S5t £ ,;:::fr'
mode_sctive —ofs b ceae sutomatic_
mode
TRUE
2Enable_OK

Note: The monitoring here is function-related and controller-independent. The actuation of
sensors and the station status are shown here with TRUE or FALSE.
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— If a particular point of use of a "MOTOR_AUTO" [FB1] function block that is called multiple

times is to be monitored, this can be performed using the el icon. There are two alternatives

available for specifying the call environment: using the call environment or the instance data

block. (— E’ — Instance data block - MOTOR_AUTO_DB1 [DB1] — Call environment —
Address: OB1 — Details: Main NW1 — OK).

Call'environment of block (&
O Mone

@EInsﬁmce dats block

| MOTOR AUTO_DE [DB1] |']

O Call environment

T - & e '] erad M " i
ransferto "adjusted manuall |

O Manually adjusted call envircnment

T ” Cancel |

Call environment of block P,

() Mone

() Instance data block

MOTOR_AUTO_DB [DB1] | =

(®) Call environment

Dependency structiire | |Address Details [

| | #Mein('MOTORAUTODE) = o©OB1 Main NW1 (Co...

(5 ]

Transfer to "adjusted manually’

() Manually adjusted call environment

[ ok || cencel |
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6.13Archive the project
— As the final step, we want to archive the complete project. Select the — "Archive ..."
command in the — "Project" menu. Select a folder where you want to archive your project

and save it with the file type "TIA Portal project archive". (— Project — Archive — TIA Portal

project archive — 032-200_FBProgramming.... — Save)

T4 Siemens - D:\00_DATA\SIEMENS\Unterlagen\08_Ausbildungsunterlage_TIA-Portal_R1503_e\SCE_EN_032-100 FC-Programming\032_200_FB-Programming\032_200_FB-Programming

[Project |edit View Insert Online Options Tools Window Help Totally Integrated Automation
E;TfNew... s MG & & coonline ¥ Gooffiine S A B x' o ] PORTAL
Il Open... 0 . ~ ~ .
Migrate project... 032_200_FB-Programming *» CPU1516F [CPU 1516F-3 PNJDP] » Program blocks » Main [0B1]
Close Ctrlsw G
Hseve ws B GaiF e EAEE8 A EF C0aRD = &7 B ENH
Saveas.. Crl+Shift+S 3
Delete project... Ctri+E e §
o e B 4 o 4] w m g
Retrieve... b
=
T Card Reader{UsB memory ’ ~  Network1: Control conveyor motor forwards in automatic mode 8
T Memory card file » 1=
Comment a
Upgrade E-
H
& Pri Crl+P %DB1
& Print preview... "MOTOR_AUTO_DB1" =]
D:00_DATAL..\032_200_FB-Programming %FBRT 3
D:00_TIA..1032-100_FC-Programmierung *MOTOR AUTO" =
H 032-200_FB-Programmierung - =
100_TIA_Po..1022_100_FC-Programming R — en W
d.\Abschlusspruefung_Teill_Mechatr_... 0.2  Automatic mode =
P - - - =
Exit -S0" — active 3z
» [ watch and force tables & %403 3
ra
» :. Online backups %01 51" — Start
» [z Traces k" |
4 Frogram info %04 —
+ [§il Device proxy data %I0.5 ~52"—o Stop
C2 PLC alarms "-B1"—ak Enable_OK
. 5‘] '[Exllhs'sd ‘ %l0.0  safety_shutoff_
w“ ocal modules "-A1" —o active
» (g} Common data
» [5) Documentation settings %I1.0
» [@ Languages & resources -B4"— sensor_slide Conveyor_motor_ ~ %Q0.0
+ (i Online access %1.3  Sensor end of automatic_mode — "-Q1"
+ [ip Card Reader/USB memory <] [0 | [100% [+]
> | Details view ‘ngperlies ‘|1illnfu iJHE Diagnostics

4 Portal view
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7 Checklist

No. Description Completed
1 Compiling successful and without error message
2 Download successful and without error message
Switch on station (-KO = 1)
Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated
3 AUTOMATIC mode (-S0 = 1)
Pushbutton automatic stop not actuated (-S2 = 1)
Briefly press the automatic start pushbutton (-S1 = 1)
then conveyor motor forwards fixed speed (-Q1 = 1)
switches on and stays on.
4 Briefly press the automatic stop pushbutton (-S2 =0) > Q1 =0
5 Activate EMERGENCY OFF (-A1=0) > Q1=0
6 Manual mode (-SO=0) > Q1 =0
7 Switch off station (-KO=0) > Q1 =0
8 Cylinder not retracted (-B1 =0) > Q1 =0
9 Project successfully archived
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8 Exercise

8.1 Task — Exercise

In this exercise, an energy saving function is to be added to the MOTOR_AUTO [FB1] function
block. The expanded function block will be planned, programmed and tested:

To save energy, the conveyor should only run when a part is present.

The Conveyor_motor_automatic_mode output is therefore only activated when
Memory_automatic_start_stop is set, the enable conditions are met and
Memory_conveyor_start_stop is set.

The Memory_conveyor_start_stop is set when Sensor_chute_occupied signals a part and is reset
when Sensor_end_of_conveyor produces a negative edge or safety shutoff is active or automatic
mode is not activated (manual mode).

8.2 Planning
Plan the implementation of the task on your own.
Note: Learn about the use of the negative edge in SIMATIC S7-1500 in the online help.

48 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
SCE_EN_032-200 FB-Programming_R1503.docx



© Siemens AG 2016

8.3 Checklist — Exercise

No.

Description

Completed

Compiling successful and without error message

Download successful and without error message

Switch on station (-KO = 1)

Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated

AUTOMATIC mode (-S0 = 1)

Pushbutton automatic stop not actuated (-S2 = 1)

Briefly press the automatic start pushbutton (-S1 = 1)

Sensor at chute activated (-B4 = 1)

then conveyor motor forwards fixed speed (-Q1 = 1) switches
on and stays on.

Sensor at end of conveyor activated (-B7=1) »>-Q1=0

Briefly press the automatic stop pushbutton (-S2 =0) —» -Q1 =
0

Activate EMERGENCY OFF (-A1=0) ->-Q1=0

Manual mode (-SO0=0) »>-Q1=0

Switch off station (-KO=0) > -Q1=0

Cylinder not retracted (-B1=0) »-Q1=0

10

Project successfully archived
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9 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial

software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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Matching SCE trainer packages for these training curriculums

* SIMATIC S7-1500F with CPU 1516F-3 PN/DP
Order no.: 6ES7516-3FN00-4AB1

* SIMATIC STEP 7 Professional V13 - Single license
Order no.: 6ES7822-1AA03-4YA5S

* SIMATIC STEP 7 Professional V13 - Classroom license (up to 12 users)
Order no.: 6ES7822-1BA03-4YA5

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1AA03-4YES

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1BA03-4YES

* SIMATIC STEP 7 Professional V13 - Student license (up to 20 users)
Order no.: 6ES7822-1AC03-4YA5

Note that these trainer packages are replaced with successor packages when necessary.
An overview of the currently available SCE packages is provided at: siemens.com/sce/tp

Continued training
For regional Siemens SCE continued training, get in touch with your regional SCE contact
siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce

Information regarding use

The SCE training curriculum for the integrated automation solution Totally Integrated Automation (TIA)
was prepared for the program "Siemens Automation Cooperates with Education (SCE)" specifically for
training purposes for public educational and R&D institutions. Siemens AG does not guarantee the
contents.

This document is to be used only for initial training on Siemens products/systems. This means it can
be copied in whole or part and given to those being trained for use within the scope of their training.
Circulation or copying this training curriculum and sharing its content is permitted within public training
and advanced training facilities for training purposes.

Exceptions require written consent from the Siemens AG contact: Roland Scheuerer
roland.scheuerer@siemens.com.

Offenders will be held liable. All rights including translation are reserved, particularly if a patent is
granted or a utility model or design is registered.

Use for industrial customer courses is expressly prohibited. We do not consent to commercial use of
the training curriculums.

We wish to thank the TU Dresden, particularly Prof. Dr.-Ing. Leon Urbas and Dipl.-Ing. Annett Pfeffer,
the Michael Dziallas Engineering Corporation and all other involved persons for their support during
the preparation of this training curriculum.
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|IEC TIMERS AND IEC COUNTERS MULTI-
INSTANCES FOR SIMATIC S7-1500

1 Goal

In this chapter, you will become acquainted with the use of single instances and multi-instances
for programming of the SIMATIC S7-1500 with the TIA Portal programming tool.

The module explains the various types of instance data blocks and shows step-by-step how to
add IEC timers and IEC counters to a program block.

2 Prerequisite

This chapter builds on the FB programming with the SIMATIC S7 CPU1516F-3 PN/DP. You can
use the following project for this chapter, for example: 032-200_FBProgramming_R1503.zap13

3 Theory

3.1 Instances and multi-instances in SIMATIC S7-1500

The call of a function block is referred to as an instance. An instance is assigned to every call of
a function block and serves as a data memory. It stores the actual parameters and the static data
of the function block.

The tags declared in the function block determine the structure of the instance data block.

Use of single instances and multi-instances

You can assign instances as follows:

Call as a single instance:

- A separate instance data block for each instance of a function block
Call as a multi-instance:

- One instance data block for several instances of one or more function blocks

4 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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3.1.1 Instance data blocks/single instances
The call of a function block that is assigned its own instance data block is called a single
instance.

If the function block was created according to the rules for library-compatible standard blocks, it
can also be called multiple times.

However, you must assign another instance data block for each call as a single instance.

Example of single instances:

The following figure shows the control of two motors using one function block FB10 and two
different data blocks:

The different data for the individual motors, such as speed, acceleration time and total operating
time, are saved in the instance data blocks DB10 and DB11.

OB1

!

Call of FC1 FC1 |

DB10

Call of FB10 with
instance DB10
for control of

FB10
Instance DB for

Standard block first call with data

Motor 1 with motor for Motor 1
program
| DB11
Call of FB10 with FB10

instance DB11
for control of
Motor 2

Instance DB for
Standard block second call with
with motor data for Motor 2
program

AV A

Note: Some commands, such as timers and counters, react like function blocks. When these are
called, they also require an assigned memory area, e.g. in the form of an instance data block.
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3.1.2 Multi-instances
You may want to limit the number of data blocks used for instances or this may be necessary due
to lack of memory in the utilized CPU.

If other function blocks, timers, counters, etc. that already exist will be called in a function block in
your user program, you can call these other function blocks without separate (i.e., additional)
instance DBs.

Simply select ‘Multi-instance’ for the call options:

Call options P
Multiple instance
F Name in the interface [+]
D - g - =
= DB The called function block saves its data in the instance data
_Single block of the calling function block and not in its own instance
instance data block. This allows you to concentrate the instance data in
a single block and to get by with fewer instance data blocks in
your program.
=B
Multi
instance MORE....
l OK \ 1 Cancel \

Notes: Multi-instances enable a called function block to store its data in the instance data block
of the calling function block.

In this case, the calling block must always be a function block.

This allows you to concentrate the instance data in one instance data block and thus make better
use of the number of DBs available.

Incidentally, this is always required when the calling block is to remain available for reuse as a
standard block.
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Example of multi-instances:
The following figure shows two calls of an IEC_Timer of type TP (pulse) within a function block.

The different data for the two counters is stored as different multi-instances in the instance data
block DB1 of the calling function block FB1.

OBl |
DB1
Call FB1 with | === FB1 (Instance DB for
instance DB1 _ FB1) :
Call IEC_Timer =)y ( #Timerl
as multi-instance of type IEC_Timer
#Timerl
Static tag
. #Timerl
Call IEC_Timer IEC '?’imer
as multi-instance . =P | 4Timer2
. #Timer2 .
#Timer2 IEC Timer as of type IEC_Timer
multi-instance
For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 7
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4 Task

In this chapter, an IEC timer will be added to the function block from chapter "SCE_EN_032-200
FB Programming".

5 Planning

The IEC timer is programmed as an addition to the MOTOR_AUTO [FB1] function block from the
"032-200_FBProgramming.zap13" project. This project must be retrieved in order to add the IEC
timer TP (latching pulse). A multi-instance will be created as a memory for the timer.

5.1 Automatic mode - Conveyor motor with time function

The Memory_automatic_start_stop is latched with Start but only if the reset conditions are not
present.

The Memory_automatic_start_stop is reset if Stop is present or safety shutoff is active or
automatic mode is not activated (manual mode).

The Conveyor_motor_automatic_mode output is activated when Memory_automatic_start_stop is
set, the enable conditions are met and Memory_conveyor_start_stop is set.

To save energy, the conveyor should only run when a part is present.

For this reason, the Memory_conveyor_start_stop is set when Sensor_chute_occupied signals a
part and reset when Sensor_end_of conveyor produces a negative edge or safety shutoff is
active or automatic mode is not activated (manual mode).

Addition of time function:

Because the Sensor_end_of _conveyor is not able to be mounted directly at the end of the
conveyor, the Sensor_end_of _conveyor signal must be stretched.

To achieve this, a latching pulse will be inserted between Sensor_end_of _conveyor and the
negative edge detection.

8 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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6 Structured step-by-step instructions

You can find instructions on how to carry out planning below. If you already have a good
understanding of everything, it will be sufficient to focus on the numbered steps. Otherwise,
simply follow the detailed steps in the instructions.

6.1 Retrieve an existing project

— Before we can expand the "MOTOR_AUTO [FB1]" function block, we must retrieve the "032-
200_FBProgramming.zap13" project from chapter "SCE_EN_032-200 FBProgramming". To
retrieve an existing project that has been archived, you must select the relevant archive with
— Project — Retrieve in the project view. Confirm your selection with Open. (— Project —»
Retrieve — Select a .zap archive — Open)

T4 Siemens

Project |Edit View Insert Online Options

[3f New... B
ji (3 open.. Crl+0 ==
Migrate project...
Delete project... Ctrl+E

' Card Reader/USE memory »

T Memory card file »
D:\Automation\..\032_200_FB-Programming
D:\Automationl..\032_100_FC-Programming
D:\Automation\SKG_Bregal1\SKG_Bregall
D:\Automation\Projekt1\Projekt1
Exit

— The next step is to select the target directory where the retrieved project will be stored.

Confirm your selection with "OK". (— Target directory — OK)

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 9
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10

Save the opened project under the name 032-300_IEC_Timers_Counters.

— Project — Save as ... » 032-300-IEC_Timers_Counters — Save)

T4 Siemens - D:\utomation\032_200_FB-Programming\032_200_FB-Programming

Project |Edit View Insert Online Options Tools Window Help

L3 hew.. N G MG E R F coonline ¥ cooffiine : o A I 2 H ]
[% Open curl+0 —

Migrate project...

Close Cerlsw
a:

Delete project.. Ctrl+E
Archive... =
Retrieve.

T Card Reader/USB memory >

B vemory card file »
Up

DilAutomation..\032_200_Fe-Programming
DilAutomationl.1032_100_FC-Programming
DilAutomationlsKG_BregalllsKG_Bregall
DilAutomationlFrojektt Frojektt

Exit

Totally Integrated Automation
PORTAI

I8

Options

sysey Gl

vlFind and replace

Find

Findin s

Find in hi

Portal vie 2 overview

SoneIan

~

< Properties  [%} Info_(1)| % Diagnostics
| General @] Cross-references | Compile |
[©[2]0] [ show sl meszeges = -]
1 Path D G ? E w.
at escription oto rrors. P D
? |Reference projects Editing language E
> | Details view < W L s

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.

SCE_EN_032-300 IEC-Timers and Counters_R1503.docx




© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 032-300, Edition 02/2016 | Digital Factory, DF FA

6.2 Addition of an IEC timer TP to function block FB1 "MOTOR_AUTO"

— First, open the "MOTOR_AUTO [FB1]" function block with a double-click.

T4 Siemens - D:\Automation\032-300_IEC_Zeite

Project [Edit View Insert Online Options

Cf (q H soveproject @ X 1H 03 X 9

Project tree o 4
| Devices

QO EE

Name
¥ | ] 032-300_IEC_Zeiten_Zaehler [
I’ Add new device
iy Devices & networks
~ [l CPU1516F [CPU 1516F-3 PN/DP)]
Y pevice configuration
Y%/ Online & diagnostics
v |l Program blocks
IF Add new block
4 Main [OB1]
... % MOTOR AUTO[FB1]
@ MOTOR_AUTO_DB1 [DB1]

11}

— Insert another network at the beginning of the "MOTOR_AUTO [FB1]" function block by

selecting the — "block title" and then clicking the — K4 jcon for "Insert network”.

T Slemens - DiAutomation\d32-300_IEC_Zeften_Zaeh!
Project  Edit  view  insent Dnling. Optiens  Tools Window  Help Totally Integrated Automation
F N sevepcier @ X 1 g X D MG BB F coonline Foootiine oA w _| || PORTAL

an_Fashlar » CPUASIGF [CPU 1516F-3 PNIDP] » Program blocks » MOTOR_ALTO [FR1]

5w | e | B= = == . i

Wi F b ERREHt QT 208 s f T B =l H
g

— Inser nenwork * %
8 o i} A - o E
 [Bhock title: | Motor control in sutirmatic mode o-
} Conveyer matar in autamatic mode:.. E
7

= Motwork 1: Memery sutomatic_siar_stop and tantrol of the conveyer motor in sutemati mode &
H

=l 3

¥Stop— =

=|F

#Satety_shutol_ =

Srn—g & U

& q— C

g

N_TRIG ]
BSenser_end_ bl |

e Q—
Shemary_edye_
detection
ECanveyor_
motor,
ssafeny_shunnd_ sutomesic
etivt — - mede
shutomatic Sensor_slide — 5 #Enable_OK — -
mede_scine 5 — W e—— - -
-
100% | e
dProperties " info 1| 12 Diagnosti

B MOTOR_AUTD
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— Add helpful information to the block comment and the network title of "Network 1:".

032-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR

Wil e b EAEP|8 @[T aad 1 & B

I a 1T WS

& s=1 4 =ol = 4=]

w Block title: Motor control in automatic mode

w Conveyor motor in automatic mode:
The bit Memory_automatic_start_stop is set with the input Start, but only if the reset conditions
are not fufilled.
The bit Memory_automatic_start_stop is reset with the input Stop or if the safety shutoffis
activated orif the automatic mode is not activated ( manual mede).
If Memory_automatic_start_stop is set, the enable conditions are granted and
Memory_conveyor_start_stop is set the output Conveyor_motor_automatic_mode is activated.
For reasons of energy efficiency the conveyor moter should only runifa partis present.
Therefore Memory_conveyor_start_stop is setifthere is a part detected in front of Sensor_slide
and reset with a negative edge at Sensor_end_of_conveyor or if the safety shutoffis activated
or ifthe automatic mode is not activated ( manual mode).

As the Sensor_end_of_conveyor couldn’t be assembled directly at the end of the conveyor we need
an additional time until we can stop the motor.

For that purpose we use an extended pulse timer in between the Sensor_end_of_conveyor

and the negative edge detection.

v W Overrun time end of conveyor pulse 2 seconds

Comment

— On the right side of your programming window, you will see the timer functions in the list of
instructions. Under — Basic instructions — Timer operations, find function ®TF (Generate

pulse) and use a drag-and-drop operation to move it to Network 1 (green line appears,
mouse pointer with + symbol).

(— Instructions — Basic instructions — Timer operations — ®TF )

00 P! P PN/DP Pro blo
Options
G b EABDISB: @t A s & T8 EY [—C
MOTOR_AUTO | Favorites
Marne Data type Default value Retain Accessiblef.. Visiblein ...  Setpoint C..
T @~ nput A 0 BoA =
2 @@= Automatic_mode_act . Bool Nonet_. [=] B =] A
3 @an Start Bool Mon-retain =] =] Pu__ | 1
4 @= Stop Bool Nen-retain =) =) Pu..
5 = Enable_OK Bool N T Al
a = . = on A D O hd ‘ Basic instructions
6 = safety shutoff active | Boal Non-retain =] (=] Sa_| -
7 |@an Sensor_slide Bool Mon-retain ~ ~ Se.. Name Bescri=aiil]
» [ General ~
8 4= Sensor_end_of_conve... Bool Non-retain g E Se... i f—
0 = ] » [5i] Bit logic operations
o e = [@] Timer operations
a =1 T A4 - s qf] & P Gener...| =
& TON Gener...
¥ Block title: Motor control in automatic mode E 4 TOF Gener...L_
¥ Conveyor roter in automatic mode:... 2 TONR Time
= - Startp...
- Network 1: Overrun time end of conveyor pulse 2 seconds o} G
Comment _[ToR- Starto_|
—[TONR]— Time
-{RT]- Resett..
~h —IPT- Load t..
» [ ] Legacy -
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— The timer function requires a memory. Here, this memory is made available within the
instance data block by the function block without the creation of a new instance data block.
Select the —»>"Multi-instance" option for this. Enter a name for the multi-instance and confirm

with — "OK". (— Multi-instance — IEC_Timer_overrun — OK)

Call'options X
Multiple instance
F Name in the interface [+]

; DB The called function block saves its data in the instance data
_Single block of the calling function block and not in its own instance
instance data block. This allows you to concentrate the instance data in

a single block and to get by with fewer instance data blocks in
your program.

&

Multi
instance MORE...

Lok ! cancel

— As aresult, a tag structure of "Static" type suitable for TP Timer will be created in the

interface description.

..32-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] — IZH X

dEF S o ERERB@tER CcaaT e &R 2
MOTOR_AUTO
Name Data type Default value | Retain Acces... Visibl.. Setpo.. Comment
4 - Add news |~]
5 @ > Swric
6 @ Memory_automatic_s... Bool Non-retain [ = [C]  Memoryused for start/ stop au(om..‘—
i |an Memory_conveyor_st.. Bool Nonetain [ =] []  Memoryused for start/ stop of con...| =
8 @-= Memory_edge_detect... Bool als: Non-retain E E ’_] Memory used for edge detection
9 4= v IEC_Timer_overrun IEC_TIMER Non-retain (W =] B
wa = ST Time Oms Non-retain
1m1a = PT Time Non-retain
124 = ET Time Non-retain  [v] [w)
LEN L RU Bool Non-retain
14 @ = IN Bool false Non-retain T
[ [ [ '_‘_|‘n| e [i_

a a1 {7 A —al = ]

[>]

¥ Block title: Motor control in automatic mode
» Conveyor motor in automatic mode:...

¥ .3 Network 1:  Overrun time end of conveyor pulse 2 seconds

HIEC_Timer_
overrun

™
Time

Note: A multi-instance can only be used for programming within a function block because static
tags are only available there.
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— Use drag-and-drop to move input parameter #Sensor_end_of_conveyor to <??.?> in front of
parameter "IN" of TP Timer so that this will be started at a positive edge at input
#Sensor_end_of_conveyor. The best way to select a parameter in the interface description is

by "grabbing" it at the blue symbol. *d (- < Sensor_end_of_conveyor)

.J0_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] -2l X

W F e s EOAEPB:8:EH0 208 % & B =

MOTOR_AUTO

Name Data type Default.. |Retain | Acces.. Visibl. Setpo.. Comment

1 @ ~ Input
2 4 Automatic_mode_active Bool Non-... (| 0 Automatic mode activated
3 @ Start Bool Non-... D D Pushbutton automatic start
4 @ Stop Beol Nen+.. [ =) Pushbutton autematic stop
5 @-n» Enable_OK Beol Nen-... D D All enable conditions OK
6 4@ Safety_shutoff_active Bool Non-... D D Safety shutoff active e.g. emergency ...
7 ans Sensor_slide Bool false Non-. =) = Sensor partatslide
8 4@  sensor_end of conveyor Bool [=]] false N [~] ™ vl Sensor part at end of conveyor
9 <@ » Oumput
10 @ » InOut
11 @ ~ static v

[<] w W]

Ay o
& s=1 {7 A =a = q¢]
w Block title: Motor control in automatic mode E
» Conveyor motor in automatic mode:...
&4 Network 1: Overrun time end of conveyor pulse 2 seconds =
2IEC_Timer_
overrun
™
Time
=N ETf— -
< PT Q-
— Enter the required pulse duration of 2 seconds in front of parameter "PT" (— 2s)

& s>zt {7 A =0 = H=]
¥ Block title: Motor control in automatic mode
P Conveyor motor in automatic mode:...
¥ £.4 Network 1: Overrun time end of conveyor pulse 2 seconds

Comment
£IEC_Timer_
overrun
11
Time
#Sensor_end_
of_conveyor — |y ET— .-
14 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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— The entry of 2s is converted automatically to the IEC-Time format suitable for the IEC timer

and is shown as constant "T#2s".

s s ot | ot | [ 42

v Block title: Motor control in automatic mode
P Conveyor motor in automatic mode:...

N Network 1: Overrun time end of conveyor pulse 2 seconds

#IEC_Timer_
overrun
b1
Time
gSensor_end_
of_CONVEYOr e |y E1
T8 2s PT Q—

— Now move output "Q" from tag structure "IEC_Timer_overrun" onto input "CLK" of negative
edge "N_TRIG" in Network 2. This will replace the #Sensor_end_of conveyor input tag
previously entered there and the conveyor will be stopped by a negative edge of the

IEC_Timer_overrun pulse.

(— Network 2 — IEC_Timer_overrun— Q — #Sensor_end_of_conveyor)

032-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1]

Wi g EREEPEraEHl Cdad % &7 KB =
MOTOR_AUTO
Name Datatype Default.. Retain | Acces.. |Visibl. Setpo.. Comment
4 4@ v Static E
5 @n Memory_automatic_sta... Bool Non-r... B E D Memory used for starti stop automatic mode
6 |d@n= Memory_conveyor_start... Bool Non-r... g E D Memory used for start stop of conveyorin aut...
7 o@ns Memory_edge_detection Bool Nonr.. [ =] [[)  Memoryused for edge detection
8 <@ = ¥ IEC_Timer_overrun IEC_TIMER Non-r_ [ =]
2 @ = ST Time NOMH...
w-a = FT Time Nonr_.
na = ET Time Non-r_
12 a L] RU Bool Non-r...
1@ = N Bool NEA...
4@ = Q Bool N (-]
15 <@ v Temp [»
e i,
& =1 B A =a = 5]
== #hermory_ E
#5top — automatic_
#Safety shutoff_ stertstop
active — SR
#Automatic_ #Start—g &
mode_active —0 s —_—r Q—
N_TRIG
==1
— LK Q—
5’“ #Memory_edge_
detection
#Memnory_ #Canveyor_
conveyor_start_ motor
#Safety_shutoff_ step automatic_
Bctive — SR mode
#Automatic #sensor_slide — g #Enable_OK == =
mode_active —o s¢ _— Q— —_ —_
For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 15
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— Do not forget to click E Save project The finished function block "MOTOR_AUTOQ" [FB1] with
the timer is shown in FBD below.

_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Progra

_AUTO [FB1]

032-300_IEC_.
D s ge CERY e E!
MOTOR_AUTO
MName Data type | Default . Retain | Acces.. Visibl. Setpo.. Comment
1 <@~ Input B
2 |al- Autornatic_mode_active  Bool false Non-r... ()] ()] Automatic mode activated m
E T Start Bool false Non-r... (] =] Pushbutton automatic start
4 a0 = Stop Bool false Mon-r_. =] ! Pushbutton automatic stop
5 |<1¢= Enable_OK Bool false Non-r... (@] =] All enable conditions OK
6 4= Safety_shutoff_active Bool false Mon-r_. B B safety shutoff active e.g. emergencystop o... A
7 |ae= sensor_slide Bool false Mon-r... ™ ™~ Sensor partatslide 3
8 = sensor_end_of _conveyor Bool false Mon-r... =] ! sensor part at end of conveyor
S <0 T Ourput
10 <@ = Conveyor_motor_auto...  Bool false Mon-r... =] ! Control of the conveyor motor in automati...
11 < ¢ InOut
12 4@ ~ Static ]
13 |1 = Memory_autornatic_sta... Bool false Non-r... =] =] []  Memoryused for startf stop automatic mode
14 <@ = Memory_conveyor_start... Bool false Non-r... E E D Memory used for starti stop of conveyorin ..
15 |1 = Memaory_edge_detection Bool false Non-r... ] =] []  Memoryused for edge detection
16 <@ = ~ IEC_Timer_overrun IEC_TIVER Hon-.. [ =]
il = ST Time TEOms  Non..
18 <0 = FT Time T#0ms Non-r...
19 a1 L ET Time T#0ms Mon-r_.
20 |1 = RU Bool false Hon-r...
21 |1 = 1M Bool false Non-r_.
2@ = q Boal alse N [7]
23 @@ v Temp E
#IEC_Timer_
overrun
™
Time
#Sensor_end_
of_conveyor — |y ET— -
%25 — PT Q—
-

16

Network 2: Memary sutomatic_start_stop and control of the conveyor motor in automatic mode

#IEC_Timer_

OVErUN.Q = LK

»al #Memory_ ~
#5top — sutomatic_
#Safety_shutoff swn_stop
BEUVE mm SR
#AUtOMBtic_ #5tarn—g &
mode_active =0 3k R1 Q—
N_TRIG
»=1
Q=
#Memory_edge_
detection
#Memory. #Conveyor_
conveyor_star_ e
#Safery_shutoff_ stop automatic_
aCtVe — SR mode
#Automatic_ #Sensor_slide — g #Enable_OK— —
mode_active —0 3% R1 Q 3 —_— —_ o
~
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6.3 Update the block call in the organization block

— Open the "Main [OB1]" organization block with a double-click.

74 Siemens - D:\Automation\032-300_IEC_Zeite

Project Edit View Insert Online Options
Of i soveprojet & X = 2 X9

Project tree o4
Devices

GO Q@ o &

Name
w 7] 032-300_IEC_Zeiten_Zaehler
B¢ Add new device
gy Devices & networks
~ [l CPUIS16F [CPU1516F-3 PNDP]
Y Device configuration
Y./ Online & diagnostics
« gl Program blocks
&’ Add new block

B

& Meinfoet) T E
& MOTOR_AUTO [FB1]
@ MOTOR_AUTO_DB1 [0B1]

— In Network 1 of the "Main [OB1" organization block, instance data block
"MOTOR_AUTO_DB1" for the "MOTOR_AUTO [FB1]" function block appears incorrect,

because the additional memory for the TP Timer has not yet been added there. Click the — '

P icon for "Update inconsistent block calls". This will add the "MOTOR_AUTO_DB1"

instance data block correctly again. (— R4 )

032-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1]

Wi P e EREE8: QT OB a® 2 & T B =

=T/ Update inconsistent block calls

g > {7} A =a = qs]

v Block title: "Main Program Sweep (Cycle)” ad

w £24 Network 1: Control conveyor motor forwards in automatic mode

*MOTOR_AUTO_
DB1®
%WB1
"MOTOR_AUTO"

m

I —
W02 Automatic_
*-50" = mode_active

& %0.3

0.1 51 —sun

"KO" 0.4

w05 52" =0 Stop

"B iy ———————————Enable_OK
W0.0  safery_
"-A1" =0 shutoff_active
- Conveyor_
ki . moter_

-B4" — Sensor_slide automatic.  %Q0.0

W13 Sensor_end_ BlESS— Q1
"-B7" = of_conveyor ENO —

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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6.4 Save and compile the program

— To save your project, select the kd save project button in the menu. To compile all blocks,

"=i]_|||

click the "Program blocks" folder and select the icon for compiling in the menu

(- kl saveproject _, Program blocks —

Tify Siemens - D:\Automationt032-300_IEC_Zeiten_Zaehler\032-300_IEC_Zeiten_Zaehler

Froject Edit View Insert Online Options Tools Window Help

5 (Y H saveproject g ¥ B (3 X D @ |50 H R § coonline §¥ Go offline ﬂuh’[ﬂ | x*

Totally Integrated Automation
PORTAL

Project tree m 4

Devices
HeQ =

Compile

sy EREO8r@:HU 2@ 8 1 AT B o

Name
~ | ] 032-300_IEC_Zeiten_Zaehler ] & ' b
K Add new device
EEH Devices & networks
<~ I';[. CPU1516F [CPU 1516F-3 PN/DP]
u'f Device configuration =
%] Online & diagnostics
b ’;:L Program blocks
B’ Add new block
& b [OA1] 'NDché)I;E;.UTO
48 MOTOR_AUTO [FB1] DE1"
@ MOTOR_AUTO_DEB1 [DB1] — %Eg]
F*_* Technology objects "MOTOR_AUTO"
External source files

SUONPNIISU| E%

Y

[2]

bupsal [

* Block title: “Main Frogram Sweep (Cycle)”

Comment

Network 1: Control conveyor motor forwards in automatic mode

Comment

syse| K\iir”

—— ey

’:d FLCtags

[ PLC data types
Eglw‘atch and force tables
[& online backups

- v v v v owrow

[ Traces
B0y Program info

-

[§} Device proxydata
4 PLCalarms
E] Text lists

-

W02  Automatic_
"-50" — mode_active

W03

51" — start

WO 4

52" =@ st0p
Enable_OK

W00 Safety_

sapelqr] & H

’—j. Local modules - (”

? | Details view

4 Portal view

|§ Properties

— The "Info", "Compile" area shows which blocks were successfully compiled.

||"_i.‘.lnfo y"ﬂ Diagnostics

6 Properties I"_i.'.lnfo i_1|§ Diagnostics
| General i) | Cross-references | Compile Syntax J
QHL@ | Show all messages [+
Compiling completed (errors: 0; warnings: 0)
1 Path Descnpuon Go to Errors Warnings | Time
& ~ cruisier P 0 (] 6:47:14 AM
Q ¥ Program blocks A 0 0 6:47:14 AM
0 MOTOR_AUTO (FB1) Block was successfully compiled. Pl 6:47:14 AM
Q Main (OB1) Block was successfully compiled. P 6:47-14 AM
Q Compiling completed (errors: 0; warnings: 0) 6:47:14 AM
18 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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6.5 Download the program

— After successful compilation, the complete controller with the created program including the

hardware configuration, as previously described in the modules, can be downloaded. (— K

)

Ty siemens - D:\Automation\032-300_IEC_Zeiten_Zaehlen\032-300_IEC Zeiten Zaehler

Project Edit View Insert Online Options Tools Window Help .
N Totally Integrated Automation
CF (] saveproject Z ¥ = 2 X 9 G WG [ & Goonline ¥ Goofiine fo MW 2¢ ] PORTAL

Project tree o 4 Download to device

Devices }%\
HOQ ER | g ERE0Era:EHl a8 = 8Tl =N
E:
- a
Name g
~ ) 032-300_IEC_Zeiten_Zaehler - = R R b =
[ namdtres ~  Network 1: Control conveyer motor forwards in autematic mede [~
oy Devices & networks - o
_— Comment
~ [l CPU1516F [CPU 1516F-3 PN, — ;‘
H
[IY Device configuration ES
&/ Online & diagnostics D81 =
~ |z Program blocks = Mmg;??mu’ | |
-rAdr.i new black e ‘f.
4 Main [0B1] "MOTOR_AUTO" H
& MOTOR_AUTO [FB1] = 3
@ MOTOR_AUTO_DB1 [DB1] o - =| |
a 0.2 Automatic_ [
» rt* Technelogy objects | 50" — e L)
» [ External source files =
I & %03 g
[ PLCtags By 2
(i wo.1 51" —stant -5
» [ PLC data types o — a
» [ viatch and force tables o4
b W05 52" =8 5twp -
» [ Online backups w3 N L|
= 81" — 3¢ ———— Enable_0K
» [ Traces
5 Program info 0.0 ssfeny
] -A1" =0 shutoff_sctive
» [, Device proxy data Conveyor_
[ PLC slsrms '?f';-ﬁ . |u motor_
[E Text lists ensor_slide automatic_ :fﬂo:o
= W s d mode — Q1
» (3 o s R e =
» [§§ common data - e
» [5]) Documentstion settings v 100% il !
> | Details view | Properties  |%i}info @[ %] Diagnostics |
4 Portal view =2 Overview | = main
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6.6 Monitor program blocks

— The desired block must be open for monitoring the downloaded program. The monitoring can

con. (— Main [OB1] —» =)

now be activated/deactivated by clicking the 2

..12-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [OB1] - 2Tl X
B F T b ERER St BB CBAaT i & B )
- Monitoring on/off
a2 =1 {7} A4 =a = o]
w Block title: *Msin Program Sweep (Cycle)” E
Comment
[ [NSSRITER control conveyer moter forwards in automatic mode
Comment
%81
"MOTOR_AUTO_
oe1*
%FB1
“MOTOR_AUTO"
L —EN
W02 Automatic_ =
"-50" = mode_active
& %03
%01 "51" = sStant
K" — 0.4
W05 52" =0 Stop
B —k = Enable_0K
W00 safety
*-A1" =0 shutoff_active
Conveyor_
:""'? motor_
84" — sensor_slide automatic_  %Q0.0
W13 sensor_end_ modei— Q1" (]
87" = of_conveyor ENO —
|
..+2-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main [0B1] —IZH X
G E S R ERER 8 HF e ad s &K =
( Block interface
e > ] A4 =a = o]
UB1 [i
MOTOR_AUTO_
pe1”
B
"MOTOR_AUTO™
—{en |
TRUE
%02 |Automatic_
*-50" —{mode_active
- FALSE
FALSE %03
%0.1 "51% ==IStart
*o - FALSE
FALSE Hoa
%605 52" =9 stop
B b Enable_OK S
TRUE
W00 |safety_
"-A1" —alshutoff_active
FALSE
1.0 o
84" oo - |
& Sensor_slide motor|  FALSE
FALSE automatic_| %Q0.0
%13 |sensor_end_ mode -~ *Q1*
“-87" ==|of_conveyor ENO[— O
[al

Note: The monitoring here is signal-related and controller-dependent. The signal states at the
terminals are indicated with TRUE or FALSE.
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— The "MOTOR_AUTOQ" [FB1] function block called in the "Main [OB1]" organization block can
be selected directly for "Open and monitor" after right-clicking, thereby allowing the program
code in the function block with the TP Timer to be monitored.

(— "MOTOR_AUTO" [FB1] — Open and monitor)

..i2-300_IEC_Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » Main[OB1] — IZH X

GE T k EAER8t A ER e aEs N &FH =
L £ BT O |
%081 [
*MOTOR_AUTO_
DB1"
e 1
Modify >
..—EN Open I
Open and monitor [
TRUE B =
%0 2 Auton Define tag Ctri+Shift+l
"50" —{mode  Rename tag... Curl+ShiftsT
& FALSE Rewire tag... Ctrl+Shift+P
FALSE ?D? X an CerleX
%0.1 1" --|swn | 35 copy CurlsC
KO et FALSE 0% Paste curl+v
o4
FALSE etz Delete Del
w0 S 52" =dstop X =
"B1° =alsk Enabl Got© Y 3
Cross-eference information Shift+F11
TRUE e
Show overlapping accesses
0.0 |safety ‘
"-A1" —Olshuto  Change instance...
Update block call
FALSE
w0 1 Insert network Cerl+R
B4 --[sensd  insert STL network
FALSE Insert empty box Shift+F5
a3 Sens ]:* Insertinput and output Ctrl+Shift+3
BT - :
M Properties Alt+Enter E

...__Zeiten_Zaehler » CPU1516F [CPU 1516F-3 PN/DP] » Program blocks » MOTOR_AUTO [FB1] - EX

G F T b EAED/Gr@tEU CGcaad s QTN =

r

Call path: Main [0B1] B
PRSI 2 I B A O |

¥ Block title: Motor control in automatic mode E
} Conveyor motor in automatic mode:...
¥  Network 1: Overrun time end of conveyer pulse 2 seconds
Comment
=
T815_36M5
#IEC_Timer_
overrun
TRUE
#Sensor_end_
of_conveyor
T&2s 0

Note: The monitoring here is function-related and controller-independent. The actuation of
sensors and the station status are shown here with TRUE or FALSE.
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6.7 Archive the project

22

— As the final step, we want to archive the complete project. Select the — "Archive ..."

command in the — "Project" menu. Select a folder where you want to archive your project

and save it with the file type "TIA Portal project archive". (— Project — Archive — TIA Portal

project archive — 032-300_IEC_Timers_Counters.... —» Save)

T4 Siemens - D:\Automation\032-300_IEC_Zeiten_Zaehler\032-300_IEC_Zeiten_Zaehler

4 Portal view

FT]E[t Edit View Insert Onlne Options Tools Window Help Totally Integrated Automation
[ New.. s )M IG @ & Goonline i Gooifine | By M I ' H (1] PORTAL
7% open... curl+0 -
Migrate project...
Close Curlsw Options Eg
Hsave culss B o= | 2 EP—. -— |- 3 8 G [T = =)= 5
e e AR |G EFSE R EAR Ay 3% &0 B = 2
Save as... CulsShiftss - F
~ | Favorites 5
Delete project.. cirl+E  — 5
Archive = R e : e {4 H
Retrieve 1 ]
+ Block title: “Msin Program Sweep (Cyele)” A _ g -
FF Card ReaderlUSE memory » omment = Bandi o
| Memory card file » 5
3
¥  Network 1: Control conveyor motor forwards in automatic mode S
2
& Print... CtrlsP A ammEns
& Frint preview... 1 =
+ | Basic instructions. 'j
DilAutomatio.1032-300_IEC_Zeiten_Zaehler ) “WBT — =
DiSPElAus..1032_300_IEC_Timers_Counters MOTGRAUTO = =
DE1 » [ ] General @
DilAutomatio 2_200_F8-Programming
. %81 = | » Fuj Bitlogic operations -
DilAutomationl..1032_100_FC-Programming TR TR = = 0|
DiAutomationlSKG_EregallISKG_Bregall — = > 9 Timer operations E
DilAutemationlProjekttiProjektt e D o |G ey i g
o W2 | Automatic_ » [ comparatoroperati., |8
! "50" — mode_sctive » [%] Meth functions o
=
3 ;:gwat:h and force tables & 0.3 » [5 Move aperations
» [ online backups o1 "5 — Stare » &g Conversion operati...
= . -
» [Z Traces KO" — w04 » & Program control op...
2 Frogram info 0.5 52" =8 5t0p ¥ [ vord logic operati...
=) . . L .
» [, Device proxy data BI"—k Enable_OK » &5 shiftand rotate
?1 PLC alarms WO sabry < m
Hli=aics TAT" =0 shutoff_active > | Extended instructions
» [ Local modules w10 T > | Technol
» [g§ common data o pe PO motor_ v echnology
» [5]) Decumentation settings v loo% i » | Communication
Details view | Properties  |*info @ [R) Diagnostics | > | Optional packages
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7 Checklist

No. Description Completed

1 Compiling successful and without error message

2 Download successful and without error message
Switch on station (-KO = 1)
Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated
AUTOMATIC mode (-S0 = 1)

3 Pushbutton automatic stop not actuated (-S2 = 1)
Briefly press the automatic start pushbutton (-S1 = 1)
Sensor at chute activated (-B4 = 1)
then conveyor motor forwards fixed speed (-Q1 = 1) switches
on and stays on.

4 Sensor at end of conveyor activated (-B7=1) »-Q1 =0
(after 2 seconds)

5 Briefly press the automatic stop pushbutton (-S2 =0) —» -Q1 =
0

6 Activate EMERGENCY OFF (-A1=0) »>-Q1=0

7 Manual mode (-SO=0) »>-Q1=0

8 Switch off station (-KO=0) > -Q1=0

9 Cylinder not retracted (-B1=0) > -Q1=0

10 Project successfully archived
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8 Exercise

8.1 Task — Exercise

In this exercise, an IEC counter is also to be added to the MOTOR_AUTO [FB1] function block.
The expanded function block will be planned, programmed and tested:

The magazine for plastic holds only 5 parts and the parts will therefore be counted at the end of
the conveyor.

When 5 parts are stored in the magazine, automatic mode is to be stopped.
Once the magazine has been emptied, automatic mode will be restarted with

Start command is started again and the counter is reset.

8.2 Planning

Plan the implementation of the task on your own.
Note: Learn about the use of IEC counters in SIMATIC S7-1500 in the online help.

24 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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8.3 Checklist — Exercise

No.

Description

Completed

Compiling successful and without error message

Download successful and without error message

Switch on station (-K0O = 1)

Cylinder retracted / Feedback activated (-B1 = 1)
EMERGENCY OFF (-Al = 1) not activated

AUTOMATIC mode (-S0 = 1)

Pushbutton automatic stop not actuated (-S2 = 1)

Briefly press the automatic start pushbutton (S1 = 1)

Sensor at chute activated (-B4 = 1)

then conveyor motor forwards fixed speed (-Q1 = 1) switches
on and stays on.

Sensor at end of conveyor activated (-B7 =1) - -Q1 =0
(after 2 seconds)

Briefly press the automatic stop pushbutton (-S2 =0) —» -Q1 =
0

Activate EMERGENCY OFF (-A1=0) ->-Q1=0

Manual mode (-S0=0) > -Q1=0

Switch off station (-KO=0) > -Q1=0

Cylinder not retracted ((-B1=0) - -Q1=0

10

5th part in magazine - -Q1 =0

11

Project successfully archived

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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9 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial

software/firmware, at the following link:

www.siemens.com/sce/s7-1500

26 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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Matching SCE trainer packages for these training curriculums

* SIMATIC S7-1500F with CPU 1516F-3 PN/DP
Order no.: 6ES7516-3FN00-4AB1

* SIMATIC STEP 7 Professional V13 - Single license
Order no.: 6ES7822-1AA03-4YA5

* SIMATIC STEP 7 Professional V13 - Classroom license (up to 12 users)
Order no.: 6ES7822-1BA03-4YA5

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1AA03-4YES

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1BA03-4YE5S

* SIMATIC STEP 7 Professional V13 - Student license (up to 20 users)
Order no.: 6ES7822-1AC03-4YA5

Note that these trainer packages are replaced with successor packages when necessary.
An overview of the currently available SCE packages is provided at: siemens.com/sce/tp

Continued training
For regional Siemens SCE continued training, please contact your regional SCE contact
siemens.com/sce/contact

Additional information regarding SCE
siemens.com/sce

Information regarding use

The SCE training curriculum for the integrated automation solution Totally Integrated Automation (TIA)
was prepared for the program "Siemens Automation Cooperates with Education (SCE)" specifically for
training purposes for public educational and R&D institutions. Siemens AG does not guarantee the
contents.

This document is to be used only for initial training on Siemens products/systems. This means it can
be copied in whole or part and given to those being trained for use within the scope of their training.
Circulation or copying this training curriculum and sharing its content is permitted within public training
and advanced training facilities for training purposes.

Exceptions require written consent from the Siemens AG contact: Roland Scheuerer
roland.scheuerer@siemens.com.

Offenders will be held liable. All rights including translation are reserved, particularly if a patent is
granted or a utility model or design is registered.

Use for industrial customer courses is expressly prohibited. We do not consent to commercial use of
the training curriculums.

We wish to thank the TU Dresden, particularly Prof. Dr.-Ing. Leon Urbas and Dipl.-Ing. Annett Pfeffer,
the Michael Dziallas Engineering Corporation and all other involved persons for their support during
the preparation of this training curriculum.
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BASICS OF DIAGNOSTIC FUNCTIONS

1 Goal

In this module, the reader will become acquainted with the tools that support troubleshooting.

This module will present diagnostic functions that, for example, you can test with the TIA project
from the SCE_EN_032-100_FC-Programming with SIMATIC S7-1500 module.

2 Prerequisite

This chapter builds on the hardware configuration of SIMATIC S7 CPU1516F-3 PN/DP. However,
other hardware configurations that have digital input and output cards can be used. You can use
the following project for this chapter, for example:

SCE_EN_032_100_FC-Programming_R1503.zap13

3 Theory

3.1 Fault diagnostics and hardware faults

Faults can be caused by a variety of things.
Two error patterns can be distinguished for faults that occur after a transition to RUN.

1. The CPU goes to or stays in STOP mode. The yellow STOP LED lights up, and other
indicator LEDs light up on the CPU, power supply unit, I/O modules or bus modules.

A CPU fault has occurred in this case. For example, a module in the AS might be defective or
have an incorrect parameter assignment, or a bus system fault might be present.

An interruption analysis will be performed in this instance by evaluating the hardware diagnostics
and by reading the module status in the diagnostic buffer of the CPU.

2. The CPU s in faulty RUN mode. The green RUN LED lights up and other indicator LEDs light
up or flash on the CPU, power supply unit, I/O modules or bus modules.

In this case, a fault may have occurred in the 1/0O devices or power supply.

A visual check is performed initially to narrow down the fault area. The indicator LEDs on the
CPU and I/O devices are evaluated. The diagnostic data of the faulty I/O and bus modules are
read from the hardware diagnostics. In addition, a fault analysis can be performed using a watch
table on the programming device.

4 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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©S

3.2 Hardware diagnostics

The device view in online mode of the TIA Portal provides you a quick overview of the
configuration and system status of the automation system.

o+ | CPU1516F

Rail_0

4 Siemens

iemens AG 2016

Project  Edit
Cf [ saveproject 2 X %= o)

Project tree.

View Insert Online

Devices

Options

X 9

Teols

Window  Help

Totally Integrated Automation
PORTAL

-—WEX (

HOO

~ | ] 032_100_FCProgramming
B Add new device
iy Devices & networks
~ [ CPU1516F [CPU 1516F-3 PN/DP]
[If pevice configuration
% online & diagnestics
~ [gl Program blocks
¢ Add new block
& Main [0B1]
4 MOTOR_MAMUAL [FC1]
» [ Technology objects
» [} External source files
~ [ PLCtags
% Showall tags
B¢ Add new tag table
52 Defsult tag table [54]

Devices & networks

~ | Details view

General | 10 tags

& Topology view |y Networkview ([ Device view ||k
Device overview ?
| E
¥ . wodule [Rack  [slot  [iaddress | . §
| Ph 130W 120/230VAC [ o [~|a
@~ cruisier o 1 2
] » PROFINETinterface_1 [ X1 =g
= » PROFINETinterface_2 0 12
== DP interface_1 o 133 _lr_
0= DI 32:24VDC HF_1 [ 2 0.3 %
r = DQ 32:24VDCI0SAST_1 o 3 s
== Al 8:UNRTDITC ST_1 o 4 64.79 s
= AQ 42U 5T_1 0 5 g
[ 6 =
[ 7
[ 8
[ 9
0 10
[ |

[%| Diagnostics

System constants Texts
] .

[cPu 1516F-3 PHIDP
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|Name | Project Catalog ir
A (sl Ccatalog information
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g : L |» railsate I Description
b PROFINETinterface [X1] H
B4 b PROFINETinterface [X2] 0l
@ Bs » DPinterface [x3] i
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@ 87 Cyele
[ Communication load Article number:
- 1 E3 TR
4 Portal view s CPUTS16F

Figure 1: Online view of device configuration

CPU with display; work memory 1.5 ME program and 5 MB data; can be used
for safetyapplications, supports PROFIsafe V2; 10 ns bit instruction time; 5-
level protection concept, integrated technalogy functions: mation, closed-
loop centrol, counting&measuring; integrated trace; 1stinterface: FROFINET
10 centroller, supports RTIRT, 2 ports, 10 device, MRF, transport protocal
TCPIP, 57 communication, Vieb server, constant bus cycle time, routing; 2nd
interface: PROFINET basic services | transport protocol TCPIP, Web server,

[>]

<

6ES7 516-3FNO0-DABD
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3.3 Diagnostics for program blocks

The project tree window of the TIA Portal in online mode provides you an overview of the
programmed blocks of the user program. With the help diagnostic symbols, a comparison of the
program blocks used offline and online is displayed.

Devices
EHQQ i FE g EREOBt Rt E W 0aa3 2% &[T B
~ 7 032_100_FC-Programming - —
. -
B Add new device *  MNetwork 1: Control conveyor motor forwards in manual mode
Ll
gy Devices & networks
[T : = & sl
~ [ CPUT516F [CPU 1516F-3 PN/DP] ! = AT
Y Device configuration GZ:‘D'-"E o —len
ﬂ Online & diagnostics s | -
= g Frogram blocks [ ] TauE %02 |Manual_
B Add new block oS 9 | made active
2 Main [0B1] [ ] R TRUE  |Fushbutton_
Ealse %14 manuzl_
48 MOTOR_MANUAL [FC1] Q s T |mee
» [ Technology objects S —ofu Enable ok @:‘Z:: —
» External source files ;r::i "'an;::,-e ?::";‘3}‘3
B % 2 —
il ™ | P‘LC tags 9 A _.shi:gﬁ_amve ENC|—
45 Showall tags
‘b'r\dd new tag table
24 Default tag table [54] *  Network 2: Control conveyor motor backwards in manual mode
% Tag table_sorting station [28] - 5 TECT
v | Details view TRUE L
=101 - —EN
Hr TRUE
Name — %102 n.‘agal__
[l'f Device configuration - %’,f,s, =7 —mateacive
4| Online & diagnostics . ,:f:u: ;“:hnz“i‘ltfm—
[5 Program blocks = e 54 o|mads
[ Technology objects R Enable o @n:%:: -
External source files TRUE many::‘lﬁ ot
I %00 |safaty --
g PLCtags “A1" —g|shutoff_active ENC|—
[ PLC data types
Figure 2: Online view of the Main [OB1] block
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4 Task

The following diagnostic functions will be shown and tested in this chapter:
— Diagnostic symbols in the online view of the TIA Portal

— Device diagnostics with module status

—  Offline/online comparison

— Monitoring and modifying tags

— Forcing tags

5 Planning

The diagnostic functions will be performed using a finished project as an example.

A project in the TIA Portal that was previously downloaded to the controller should be open for
this.

In our case, after starting the TIA Portal, a previously created project will be retrieved from the
archive and downloaded to the associated controller.

Afterwards, you can start implementing the diagnostic functions in the TIA Portal.

5.1 Online interface

Online diagnostics are only possible when the correct communication connection to the CPU has
been set up beforehand. Here, we are connected via Ethernet/PROFINET.

When connecting online, you must therefore set the appropriate interfaces for your automation

Extended download to device }X
(nnﬁgur?d arcess nodes nf *CPLITS1AFY
Device Device type Slot Type Address Subnet
CPU1516F CPU 1516F3 PN/... 1X3 FROFIBUS 2
CPU 1516F3 PN/, 1X1 PNIE 192.168.0.111 FN/E_T
CPU 1516F3 PN/ 1X2 PNIIE 19216811
Type ofthe PGIPC interisce: | §_FIIE =]
PGIRCinterfoce: (R Dell Wireles: 1901 502 11aibigin (2.4GHz on... | 7] €[]
Connertion tn interfacelcibret | PNIF_1 - @
[ -] @
Cempatible devices in target subnet: [} Show all compatiole devices
Device Device type Type Address. Target device
= CPUIS516F CPU 1516F-3 PN/ PNNE 192.1680.111 CPUISI1BF
. - - PN/IE Access address -
["|Fash LED
siartsearch
Onlinestatus information:
7 Rewicving device information... (]
Scan and information retrieval completed. —
E
[] Display enly error messages
Losd || cancel |
Figure 3: Go online
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6 Structured step-by-step instructions

You can find instructions on how to carry out planning below. If you already have a good
understanding of everything, it will be sufficient to focus on the numbered steps. Otherwise,
simply follow the detailed steps in the instructions.

6.1 Retrieve an existing project
— Before we can start the diagnostic functions, we need a project with programming and a
hardware configuration.
(e.g., SCE_EN_032-100_FC-Programming....zap).
To retrieve an existing project that has been archived, you must select the relevant archive
with — Project — Retrieve in the project view.
Confirm your selection with "Open".

(— Project — Retrieve — Select a .zap archive — Open)

% Siemens
| Froject |Edit View Insert Online Options T
[3F New... ') s
2 [* open... crl+0 |

Migrate project...

Delete project... Crrl+E
srchive
B Card ReaderiUSE memory »
T Memary card file »

DilAutomationlD13_10..1013_101_CPU314C
DlAutomationi012_10..1012_101_CPU1516F
DWorlagenprojekt_Webserv...\Tank_V13_SP1
0:..M332-200_FB-Programmierung_S7-314_.
DAAutematisi.. 012-100_CPU1500_V13_SP1

Exit

— The next step is to select the target directory where the retrieved project will be stored.

Confirm your selection with "OK". (— Target directory — OK)

8 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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6.2 Download the program

— After the project has been successfully retrieved, the controller can be selected and

downloaded together with the created program. (— iy )

7% Siemens - D:\Automation\032_100_FC-Programming\032_100_FC-Programming

Project Edit View Insert Online Options  Tools  Window Help

3 [¥ | save project % M o= o x"}t {"!%3':“.' m g mrﬁ Goonline ¥ Go offline

Project tree m 4
Devices

=@

¥ 1 032_100_FC-Programming A

K Add new device
Eﬁh Devices & networks
R [i] CPU1516F [CPU 1516F-3 PN/DP]
[l Device configuration
%/ Online & diagnostics
~ |l Program blocks
B Add new block
& Main [OB1]
4 MOTOR_MANUAL [FC1]
[ Technology objects
[} External scurce files
g PLC tags
[ PLC data types
[zl watch and force tables
[ online backups
|2 Traces
E'l Program info

v w W W W W v
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— Select the correct interfaces and click "Start search". (— "PN/IE" — Selection of the network

adapter of the PG/PC — Direct at slot ‘1 X1‘— "Start search")

Once "Scan and information retrieval completed" appears, click "Load". (— "Load")

Extended download to device X

Configured access nodes of "CPUT516F"

Device Device type Slot Type Address Subnet
CPU1S16F CPU1516F3 PNI. 1X3 PROFIBUS Z
CPU 1516F3 PNI.. 1X1 PMIIE 15921680111 PMIIE_1
CPU1516F3 PNI.. 1X2 PMIIE 192.168.1.1
Type of the PGIPC inte rface: ﬁ_PNu’IE [L|
PGIPCinterace: [ Dell Wireless 1901 802.11albigin (2.4GHz an... | =| @€
Cennection to interfacelsubnet: | PRIE_T |+ ©
15t gateway [ [+] @
Compatible devices in target subnet: [] Show all compatible devices
Device Device type Type Address Target device
= CPU1516F CPU 1516F-3 PNI... PNIE 152.168.0.111 CPUIS16F
. = == FNIE Access address =

[ | Flash LED

Starcsearch

Online status information:

=t Retrieving device information...

Scan and information retrieval completed.

a
9

L]
[ Display only error messages

| Load ] | Cancel |

— Before downloading can be started, other actions may have to be set (highlighted in pink).

Click "Load" again. (— "Load®).

Load preview X
0 Check before loading
Status ! Target Message Action
1 @ ~ cruisieF Ready for loading.
(] » Online is uptoda... The hardware configuration will not be loaded, because the onlin..
(] b Software Download software to device Consistent download
(] Text libraries Download all alarm texts and text list texts Consistent download
e it | ’.-
Refresh |
| [ Load | Cancel
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— After loading, first select the "Start all" check box under Action.

Click "Finish". (— select check box — "Finish")

Load results %
9 Status and actions after downloading to device
Swatus | Target Message Action
J,ri, G“ w* CPU1516F Downloading to device completed without error.
H » Start modules Start modules after downloading to device. @ startall
[<] i VES!
r Finish | | Load | [ Cancel ]

6.3 Go online

— To get started with the diagnostic functions, we will select our controller ("PLC_1") and click

"Go online". (— PLC_1 — Go online)

iemens - D:\Automation\032_100_FC-Programming'032_100_FC-Programming

Project Edit View Insert Online Options Tools Wndow Help

3 (R E] saveproject & ¥ 32 5 ¥ B E: TN G B B § coonline ¥ Go offline

Project tree m 4
Devices

5O O EE

* 7]032_100_FC-Programming ~
E Add new device
gy Devices & networks
~ [ CPU1516F [CPU 1516F-3 PN/DF]

- [IY pevice configuration
4| Online & diagnostics
~ [ Frogram blocks
ﬁ Add new block
& Main [OB1]
W MOTOR_MANUAL [FC1]
p_ﬂ Technology objects

External source files
':d FLC tags

[ PLC data types

[45l watch and force tables
[ Online backups

(55 Traces

* T F T ¥ ¥ ¥
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— Once the online connection to the "PLC_1" controller is established, the CPU can be started

or stopped with the following buttons [F‘ [H . Diagnostic information in the form of symbols

will already be available in the project tree and in the diagnostics window.

prmens - DiAutomationiddd_100_FC 3 00_FC-Programming

Project  Edit View insert Onbne Optons  Tools Window Help Taotally Integrated Automation
Y seveproiet & M1 Do X S 3 MG B R S cooiee F oo fo MM ¥ PORTAL

_- Devices '_ Options
500 EE J
| Find and replace
= ] 032_100_FC-Pragramming -~ |
W Add new device B
ghy Devices & networks
= CRUTSTGF (G 151613 e
Y Device consguration
B/ Online & disgnestics
= gl Progeam biocks ]
B Add new bleck
& Main [oF1]
o MOTOR_MANUAL [FC1]
+ [ Technology cbjects
» i Exermal source files
v L PLC g ]
b [ PLC date types
» 3 wetch and force tables
» [ Online backups
» [ Taces
g Progeam infe
b i Devce proxy data

] saLEIqT] Cﬂ ﬂw_L'.;ni

- 'Q Properties  ["hinfo | % Diagnostics |

~ | Details view

| Device information | Connection infarmation [ Alarm display |

— Mo devices with problems

| evice configuration ¥ Cnlin_ s Opers.. Dewceimodule Connection eitabin. Message Details .

B Omline & diagnostics [ ~ | Languages & resources
o Program blacks Lo
# Technology objects s
@) Extemal source Sles «Jt u [2]e [ B

Symbols for the comparison status in the project tree

— The diagnostic symbols in the project tree show a comparison status representing the

online/offline comparison of the project structure.

Symbol |Meaning

D Folder contains objects whose online and offline versions are different (only in the
project tree)
L] Online and offline versions of the object are different
O Object only exists online
O Obiject only exists offline
) Online and offline versions of the object are the same
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— Double-click "Device configuration".

(— Device configuration)

T4 Siemens - D:\Automation\032_100_FC-Programming\032_100_FC-Programming

ject Edit View Insert Online Options Tools Window Help

Totally Integrated Automation
PO

G [l soveproject &0 ¥ 68 T X D x5 MG B R & coonline §F cooffine S, MM X o | RTAL
|| Devices | |& Topology view [ Networkview |II¥ Device view ||
FiQ O P — | 4 A= R =i | | Device overview E
5 : 2. [Module Rack [Slot  |laddress Qaddress|. §
-~ U%Z,1OU,FC?rugramm|ng 159’ o"{s o& N E M 190W 120/230VAC o o k
B Add new device ~ A & \3\@ ‘\a" o SuEE o g S
’E\E"“ Eaulees & rEiais @“q“ 5 s td } PROFINETinterface_1 o 10 s
&7 M @IS [0 ISP | } PROFINETinterface_2 ) 1x2
m Device configuration DP interface_1 [ 16 =
g Online & diagnestics 51 32:04VDC HE_1 g = e ]
g lEogamibioci é ’ T DQ 32:24VDC0.5A5T_1 ) 3 0.3 2
B Add new block - Al 8XUNRTDITC ST_1 ) 4 64.79 H
£ R ERT . AQ XU ST ) 5 64..71 g
2B MOTOR_MANUAL [FC1] S o - 4
» [ Technology objects g =
» [l External source files 3 5 E
» [@ PLCtags [ ] 0 5 i‘f
» [ PLC data types g ) B
» (22 Watch and force tables o " 3
» E; online backups A = -
» [ Traces o . u’_J
0§ Program info :
» [§} Device proxy data <[] 100 = e i, | [ il ] 2
= - - ‘Q Properties H:&l Info H & Diagnostics | 3
+ | Details view
J Device inf || Connection information H Alarm display | |
o 1 devices with problems
¢ onlin.. T Opers.. Deviceimodule Connection establis.. Message Details Help
oK @ STOP  CPUIS16F Direct STOP For more detailed information, refer to devi.. 7

4 Portal view =2 Overview CPU1516F

Operating state symbols for CPUs and CPs

states of the CPU or communication processors (CPs).

The graphical representation and device information window show the various operating

Symbol Operating state

RUN

STOP

STARTUP

HOLD

DEFECT

Unknown operating state

state.

The configured module does not support display of the operating
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Diagnostic symbols for modules and devices in the device overview

— The graphical representation and Device overview window display the operating states of the

various modules, CPU, or communication processors (CPs) using the following symbols.

Symbol | Meaning

7 The connection to a CPU is currently being established.
& The CPU is not accessible at the set address.
g The type of CPU configured and type of CPU actually present are
incompatible.
af During the establishment of the online connection to a protected CPU, the
password dialog was terminated without input of the correct password.
No fault
@ | Maintenance required
) Maintenance demanded
Q| Fault
i The module or device is deactivated.
K The module or device cannot be accessed from the CPU (valid for modules
and devices below a CPU).
ol Diagnostic data is not available because the current online configuration
data differs from the offline configuration data.
)i'| The configured module or device and the module or device actually present
are incompatible (valid for modules or devices below a CPU).
[? The configured module does not support display of the diagnostic status
(valid for modules below a CPU).
E The connection has been established, but the state of the module is
currently still being determined.
@ The configured module does not support display of the diagnostic status.
O Error in lower-level component: A error is present in at least one lower-level
hardware component.
14 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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Color coding of ports and Ethernet cables

— The status of ports and Ethernet cables can be diagnosed in the Network view and Topology

view.

— The following table shows the possible colors and their respective meaning.

Color Meaning

No fault or maintenance required

Maintenance demanded

i Communication error

6.4 Online & diagnostics of the SIMATIC S7 controller

— Double-click "Online & diagnostics" in the project tree.
(— Online & diagnostics)

— A CPU operator panel, the cycle time and the memory utilization are displayed in the Online
tools on the right side. Switch the CPU to RUN here. (— RUN)

T4 Siemens - D:Automation\032_100_FC-Programming\032_100_FC-Programming

Froject Edit View Insert Online Options Tools Window Help Totally Integrated Automation

fF A swveproject @ ¥ = B X D2 ZNEE R F coonline ¥ cooffiine  fla N IR 2 1] PORTAL

Devices Options 3
00 S| @ | online access Ml ] =] E
-~ ~ Diagnostics General 3
g E ~ | CPU operator panel =
= | ] 032_100_FC-Frogramming =y Module ~E
i Diagnostic status CPUTS16F [CPU 1516F-3 PNIDP] B
&, Devices & netwarks Diagnostics buffer Short designation: [CPU 1516F-3 PNIDP | RUN [ STOP RUN —
=[5
~ ([ CPUT516F [CPU 1516F-3 PN/DF] ;’:'E ume [6ES7 516-3FN00-0ABO ] TR or =z
I Device configuration mery ardware a
Displa Hardware:| 2 MAINT WRES. 3

% Online & diagnostics ey
<t Frogram blocks » FROFINETinterface[x1] Firmware: [V1.6.0 | ||
B Add new block » PROFINETinterface[x2] Mode selector: RUN 3 (i}
< b E-
4 Vain [081] D Risians Rack: |0 < Gelet B g
4 MOTOR_MANUAL [FC1] " ycle time. E
. o
» [ Technology objects [iad ]

» [ External source files

» [@ PLCtags ]
e ) .
b | o FLEEE e Module information
» [ watch and force tables ms

» [ig Online backups

» [ Traces

o fo ] Shortest: 1ms ||
8§ Program in
Moo - ] Current/last: 1ms
} Device proxy data
41: ‘ proxy 3 ] ~ | Memory
v | Details view fa
Installation date: |[Thursday , February 13, 2015 12:39 =] Lot memory =
v
— Additional information: | | [ Freeg9% |-
Manufacturer information Werk memery
Work memory code
Menufacturer description: [SIEMENS AG ] [«] | =)

|'d Properties  |*}Info | %) Diagnostics

3 Overview | crutsiee |2 online adie...
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SCE_EN_032-410 Basics Diagnostics_R1503.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 032-410, Edition 02/2016 | Digital Factory, DF FA

— The working area window contains general information about the CPU. (— General)

032_100_FC-Programming » CPU1516F [CPU 1516F-3 PN/DP]

Online access
w Diagnostics

Diagnostic status

Diagnostics buffer CFU 1516F-3 PNIDF
Cycle time 6ES7 516-3FNO0-0ABO0
Memary

Display

» PROFINETinterface[X1]
b PROFINET interface[X2]
» Functions

CPU1516F

V160
o . ] B2

Thursday , February 19, 2015 12 :39
00000000000 ]

C-EDSBO9372014

— If diagnostic information is available, it is displayed in Diagnostic status.

(— Diagnostic status)

032_100_FC-Programming » CPU1516F [CPU 1516F-3 PN/DP]

Online access
= Diagnostics
General

Diagnostic status

Module exsts.

Diagnostics buffer OK
Cycle time
Memory
Display

» PROFINETinterface[X1]

¥ PROFINETinterface[X2]

» Functions

16 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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— Detailed Information on the individual events is displayed in Diagnostics buffer.

(— Diagnostics buffer)

Online access
 Diagnostics
General
Diagnostic status
Diagnostics buffer
Cycle time
Memory
Display
b PROFINET interface[X1]
» PROFINETinterface[x2]
b Functions

<

Diagnostics buffer

11i2012 10:16:29.689 ...
1/1/2012 10:16:29.676 ...
1/1/2012 10:13:01.755 ...
11i2012 10:11:44 894
11i2012 9:43:10.209 AM
1/1/2012 9:43:10.188 AM
1/1i2012 1:00:06.092 AM

Communication initiated request: WARM RESTART - CPU ch
Communication initiated request: WARM RESTART - CPU ch
System initiated session termination

Communication initiated request: STOP - CPU changes fr

Communication initiated request: WARM RESTART - CPU ch
Communication initiated request: WARM RESTART - CPU ch
Follow-on operating mode change - CPU changes from S

Alm N E o e W

1

10

CPU info: Cornmunication initiated request: STOP
Pending startup inhibit{s):
- Mo startup inhibit set

CPU changes from RUN to STOP mode

CPU1516F

1/1i2012 10:24:02.493 AM

CPU1516F

Rack 0iSlot 1

— Next you receive information about the cycle time of the executed program.

(— Cycle time)

032_100_FC-Programming » C

Online access
~ Diagnostics
General
Diagnostic status
Diagnostics buffer

Memory
Display

» PROFIMET interface[X1]

» PROFINET interface[x2]
b Functions

-3 PNIDF]

v
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— The memory utilization can be seen here in detail. (— Memory)

032_100_FC-Programming *» CPU1516F [CPU 1516F-3 PN/DP]

Online access
¥ Diagnostics
General
Diagnostic status
Diagnostics buffer
Cycle time
Display
» PROFINETinterfac...
» PROFINETinterfac...
» Functions

24879616 1546977
Inuse: 296448 287 (] 1]
Total: 25176064 1547264 5242880 484000

— Information about the display is also available for the CPU 1516F. (— Display)

032_100_FC-Programming » CPU1516F [CPU 1516F-3 PN/DP]

Online access
w Diagnostics
General
Diagnostic status
Diagnostics buffer
Cycle time
Memary
» PROFINETinterfac...
» PROFINETinterfac...
b Functions

18 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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— The network settings and the status of the PROFINET interfaces [X1] and [X2] can also be
displayed.

(— PROFINET interface [X1] or - PROFINET interface [X2])

032_100_FC-Programming » CPU1516F [CPU 1516F-3 PN/DP]

Online access

PROFINET interface[X1]

w Diagnostics
General
Diagnostic status
Diagnostics buffer
Cycle time
Memary
Display
PROFINETinterfac...
» Ethernetaddress
Ports
Communicatio...
¥ Domain

» PROFINETinterfac... 255.25%.2850
» Functions 192.168.0.111

> Ethemet address

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved. 19
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— In"Assign IP address" under Functions, you can assign the IP address to a controller.

However, this is only possible when no hardware has been downloaded to the CPU.

(— Functions — Assign IP address)

032_100_FC-Programming » CPU1516F [CPU 1516F-3 PN/DP]

Online access
» Diagnostics
w Functions

Assign IP address

Settime

» Firmware update
Assign name
Reset to factoryse...
Format memory card
Save service data

— Under "Set time", you can set the time of the CPU.
(— Functions — Set time)

032_100_FC-Programming *» CPU1516F [CPU 1516F-3 PN/DP]

Online access .
Set time

» Diagnostics

* Functions
Assign IP address

» Firmware update

Assign name
Reset to factoryse...
Format memory card
Save service data

20 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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— Under "Firmware update", you can update the firmware of the PLC or the display.

(— Functions — Firmware update)
032_100_FCProgramming » CPU1516F [CPU 1516F-3 PN/DP]

Online access
» Dingncsﬁts .
~ Functions
Assign IP address
Settime
>

Assign name

Resetto factoryse
F.nrmnt_memu]'mrﬂ
Save service dm

For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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— Under "Assign name", you can assign a PROFINET device name to the configured field
devices on PROFINET. The device name of the CPU cannot be changed here. It can only be

changed by downloading a modified hardware configuration.

(— Functions — Assign name)

Online access
» Diagnostics

ey

Assign name

~ Functions
Assign IP address
Settime Configured PROFINET device
» Firmware update

PROFINET device name: ‘ cpul516fprofinet interface_1 v|

Assign name

Device type: | CPU 1516F-3 PNIDP |

Resetto factoryse._
Format memery card Online access

Seun s o pe fthe PCimerice: T -

PGIPC interface: ﬁ Dell Wireless 1901 802.11alblg/n (2.4GHz an.... '| @

Device filter

@ Only show devices of the same type

i
[ D Only show devices with bad parameter settings
| [C] Only show devices without names
Accessible devices in the network:
IP address MAC address Device type PROFINET device name Status
<] n [2]
LED flashes Update list | | Assign name |

— Under "Reset to factory settings"”, you can restore the factory settings for the CPU. After
restoring the factory settings, the CPU configuration and the program must be imported
again from the inserted memory card. Therefore, the memory card must be formatted before

the restoring the factory settings.

(— Format memory card — Format — Reset to factory settings — Retain or delete IP

address — Reset)

Online access
» Diagnostics

Reset to factory settings

w Functions
Assign IP address
Settime
» Firmware update IPaddress: 192 . 168 .0 . 111
Assign neme PROFINET device name: [m
Resetto factoryse..

Format memory card
(®) Retain IP address

O Delete IP address

Reset

Save service data

22 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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— Finally, the service data can be saved under Functions.

(— Functions — Save service data)

032_100_FCProgramming » CPU1516F [CPU 1516F-3 PN/DP]

Online access

Save service data

}» Diagnostics

~ Functions
Assign IP address
Settime

» Firmware update

Assign name
Reset to factory se...
Format memory card

ClUsers\SveniDocuments

-

— The online connection should be disconnected again before the next chapter.

(— Online access — Disconnect online connection)

032_100_FC-Programming » CPU1516F [CPU 1516F-3 PN/DP]

Online access

} Diagnostics
* Functicns
Assign IP address
Settime

Firmware update
Assign name

Reset to factory se...
Format memory card
Save service data

— The TIA Portal is now back in offline mode. The orange-colored bars and the diagnostic

symbols are no longer displayed.
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6.5 Online/offline comparison

— ltis often important to know whether the saved data matches the data loaded in the

controller. First, remove the negation from the "Safety shutoff_active" tag at the AND

function in the "MOTOR_MANUAL [FC1]" block.

Save the "MOTOR_MANUAL [FC1]" block, but do NOT download it to the controller.

Close the "MOTOR_MANUAL [FC1]" block again.

— To compare, right-click the "PLC_1" controller and select "Compare", "Offline/online".

(— Select controller - Compare — Offline/online)

T4 Siemens - D:\Automation\032_100_FC-Programming\032_100_FC-Programming

Project  Edit View Insert Online  Options Tools Window Help

G CH i e proiecr @ Y 88 2 X s (%2 G [0 I B 3§ Goomine F cooriine g [N 3¢ = L]

Totally Integrated Automation
PORTAL

Project tree

Devices Options

EHOO

vlFind and replace

~ | ] 032_100_FC-Frogramming
B Add new device
iy Devices & networks

~ (@ cru1st

Find

syseL |

soneir 5

24

& Frint preview...

4 Portal view

— The Compare editor online opens.

it Open [ Export module labeling strips... il
Dewil
) onli Open in new editor i@} Properties... Alt+Enter h
Open blockiPLC data type... F7
~ [ Prog| Find in s
. Cut Ctrl+x.
A “ e Find in hi
o] = opy i+ i
g Paste Ctrl+ Use wil
1=
» [ TecH| X Deles Del Use regular expressions
= Rename F2
» j Exte hole document
» [3 PLC{ = Go to topology view R
» [ PLe{ by Go to network view rom current position
= Selectio
» [E) viate Selection
= Compile »
WOl 5o nicad to device » T
» [ Trac
a Backup from online device "
5 Frog| §f Go online cisk "
» [ 0o ¥ o ofine cetent
CAPLC ) Cnline & diagnostics culD
5 Text E Replace with
5 snapshat of the maonitor values
| Details viey ool snepshot values o srtvalues ¥
Startsimulation Crl+Shiftex
i corpee ————— [ Languages & resources
2 Cross-references F11 | @ Offineloffine B é‘
[ Frogram bloc [ Calstucure I £
= . =
@ Technology o [ Assignment list =
External sourc 5 Frint.. cul+F

=d
b g
*032_100_FC-Programming: CPU1516F" “Online PLC"
Mal Address Type Time. Timestamp code StatLs | Actian Name Type Time .. Timeswampcode
e j 9 1 [Emcruisier ;
v [ Program blocks @
& Main [0B1]  ©B1 OB 317i. 3117/2015-20:482... @ W Main [OB1] OB 317l.. 317i2015-20:48:24.9844933
& MOTOR_MA... FCI FC 3i8iz... 3M18/20715-06:37:3... L1} I 4 MOTOR_MAMUAL [FC1] | FC - -
[ Technology obj... [ ]
[ PLC tags @
[ PLC date types L ]
<] il e <] ) il [>

Comparison result: Mo detailed property zomparison available.

» 0 "

CPU1S16F CPU1515F
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— If, for example, block differences are indicated “, first select the block involved. You can

then click the button to "Start detailed comparison".
(— MOTOR_MANUAL — Start detailed comparison).

Compare editor online - EX
@ #:[EHE & &2 =
p Startdetailed comparison
"032_100_FC-Programming: CPU1516F" *Online PLC"
Name |Addre;s |Type |1’|me, |1’|megﬂmpcnde Name ||Type ‘ﬁme, |1’|me;lnmpcnde
- [[§ CPU1516F [[§ cPU1516F
= g Program blocks
Main [0B1]  OB1 0B 3M7i. 3M17/2015-20:482_ 4 Main [0B1] OB 3h7i_ 317i2015 -20:48:24 9844933
FC  3/Bi2.. 3018/2015-06373.. = [ MOTOR_ MANUAL [FC1] | FC — -
(3 Technology obj...
[& PLCtags o
[ PLC date types

— The selected offline/online block will be compared in the code block comparison. A detailed
description of the difference is shown in the comparison result.

OTOR_M AL - Offline OTOR 0
F TS OEE® o[
& =1 B 4 -a = -]
* Block title: Motor control in manual mode E v Block title: Motor control in manual mode z
k. Kl
¥ @) Network 1: Control of the conveyor motor in manual mode ¥ @) Network 1: .
Comment Comment
& B & B
#Manual_mode_ #hanual_mode_
active =0 active —
#Pushbutton_ #Conveyor_ #Pushbutton_ #Conveyor_
manual_mode — motar_manual_ manual_mode — motar_manual_
#Enable_OK — mode 1] #Enable_OK — mode |
#Safety_shutoff_ = #Safety_shutoff_ =
active —0 3¢ —_— —_— active —o 3k  — —_
¥ @ Network 2: |~ ® Network2: =
S o
[ 1] 03] [100% ] —v—— [ ] [100% -] —g—— |
[d Properties  |YijInfo || [% Diagnostics =
General Cross-references Compile Syntax Comparison result
b lPoth i_Locninn IMemge |Dau _|Time | |
0 Offline :0... Interface The parameter has been changed. 3/18/2015 6:40:57 AM ~
€@  offine:o.. NW1:NW1  The negation exists onlyin the reference block. 3/18/2015 6:40:57 AM H
v

— Close the window of the code block comparison.
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— An action can be selected for the block involved in the Compare editor.

Either the "MOTOR_MANUAL" block will be downloaded from the programming device to
the controller and overwritten there or the "MOTOR_MANUAL" block will be imported from

the controller and overwritten in the TIA Portal.

Select the "Upload from device" action. (< Upload from device)

Compare editor online - EX
Qo #: Hid & @2 =
*032_100_FCProgramming: CPU1516F" “Online PLC"
Name | Address | Type | Time st... | Status | Action Name | Address | Type |'I’1me St...
~ [ cPu1516F o [ cPU1516F
~ | Program blocks o Il
4 Msin [0B1]  OB1 OB sn7zo..| @ 4B Main [0B1] 0B1 OB 3117120...

FCl FC saizor. | @ [ ~ B MOTOR_MANUAL [FCT] | FCt FC 3/8/201...

Q Technelogy obj... 9

Q FLCtags o |+ Upload from device

[ PLC data types @ |~ Download to device

— Click the "Execute actions" button i

Qe #:[EE & &3 =)

m—
“Online PLC"

. (— Execute actions)

"032_100_FC-Programming: CPUT516F"
Name Address Type | Timest.. | Status | Action Mame |Add ress ‘ Type | Time st...
- [@ crU1s16F 0 « (@ cPU1516F
= g Program blocks 0 +«
fol:] 3izizo..| @ 4 Main [0B1] 0B1 oB 3M17i20...
FC 318i201... O i+ F‘ =B MOTOR_MANUAL [FC1] (i FC1 FC 3/8/201...
@
n PLC tags o o
[& PLC data types []

— Confirm "Upload from device". (— Upload from device)

Upload preview |

9 Check preconditions for upload from device
Status ! ;Target | Message | Action
1 & ~ cruisieF Ready for loading.
A b Conflicts Conflicts occurred during loading. Overwrite
[¢] i 1]

| [ Uposdkomdevce ][ Cancel |

— After the upload, there are no more differences. You should now save your project again and

close the online connection.
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6.6 Monitor and modify tags

— To monitor and modify tags, you need a watch table.
Double-click "Add new watch table" in the project tree.
(— Add new watch table)

Project tree m 4

Devices
5O O =2

* | 7] 032_100_FC-Programming ~
B Add new device
By Devices & networks
¥ [[_l CPU1516F [CPU 1516F-3 PN/DP]
IY Device configuration

% oOnline & diagnostics
. ‘_;n. Pragram blocks
ﬁ Add new block
& Main [OB1]
4 MOTOR_MANUAL [FC1]
» r_-ﬂ Technology objects

» External source files

» [g FLCags

» E‘g PLC data types

- ';c, Warch and force tables
ﬁ Add newwartch ble
El Force table

[ online backups

-

r:—-, Traces
% Pragram info
b [5} Device prowydata |

-

— Open the newly created "Watch_table_1" by double-clicking it. (— "Watch_table_1")

— You can enter individual tags in the table or you can select the "Tag_table sorting_station"

and the tags to be monitored, and drag them from the Details view to the watch table.

(— Default tag table)

Project tree m 4
Devices
5O O e L AALTS
i Name Address Display farmat Monitor value Modify value 7
‘k Add new device e B 50" %02 Bool
4 Devices & networks I "s3 %14 Ecol
~ [} CPU1516F [CPU 1516F-3 PN/DP] 3 “-Ko" %10.1 Bool
Y Device configuration _|s Bt %I0.5 Bool
% Online & diagnostics B 54 %l1.5 Bool
w | Program blocks 6 “A1" %I0.0 Bool
B Add new block il 7 Q1 *Q0.0 Bool
& Main [0B1] 8 =} | <Add ne
4 MOTOR_MANUAL [FCT]
» [ Technology objects
» G} External source files
* (@ PLCtags
g showall tags
¥ Add newtag table
1% Defaulttag table [54]
th Tag table_sorting station [28] =
bl PlLCdats pe. b
v \ Details view
Name Data type Details 4
o T Bool  [g|%Q00  [+][~
Q2 Boal %Q0.1
@ Q3 Bool %Q0.2
lan  so Bool %102
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— To have all monitoring and modifying functions available for selection, the following columns

can be displayed:

‘All modify columns’ and ‘All expanded mode columns’
Continue by selecting the trigger timing for the monitoring.

(— Permanent)

032_100_FC-Programming » CPU1516F [CPU 1516F-3 PNIDP] » Watch and force tables » Watch table_1

# 2 B2 4D 2N

i Mame Address Display form.. Monitor valu | Monitor with trig... Modify with trigge | Modify value 7 Comment
1 "s0° %I0.2 Bool Permanent Permanent
7] "53" %I1.4 Bool Permanent Permanent
3 "Ko" %101 Bool Fermanent Permanent
4 "B1" %I0.5 Bool Fermanent Permanent
5 54" %I1.5 Bool Permanent Permanent
6 A" %I0.0 Bool Permanent Permanent

Q1" E %Q0.0 Bool 3 I Permanent | = | Permanent B

o

Permanently, at start of scan cycle
Once only, at start of scan cycle
Permanently, at end of scan cycle
Once only, at end of scan cycle
Permanently, at transition to STOP
Once only, at transiticn to STOP

The following monitoring and modifying modes are available:

J Permanent (in this mode, the inputs are monitored/modified at the start of the cycle
and the outputs at the end.)
o Once only, at start of scan cycle
° Once only, at end of scan cycle
. Permanently, at start of scan cycle
4 . Permanently, at end of scan cycle
. Once only, at transition to STOP
° Permanently, at transition to STOP

Process image of the inputs

! ‘ “At start of scan cycle” trigger point
OB 1 -

At transition to STOP trigger point
— “At end of cycle” trigger point

Process image of the outputs
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[m )
— Next, click "Monitor all values once and now" ' or "Monitor all values according to trigger

settings" '. (- - Monitor all)

& [ 24 & 2=
i Name Address Display form.. Monitor valu | Monitor with trig... Modify withtrigge Modify value  # Comment

1 50" %10.2 Boo FALSE Permanent Permanznt

2 53" 1.4 Bool [E FALSE Permanent Permanznt

3 “¥o" %10.1 Boo FALSE Permanent Permanznt

4 81" %I10.5 Boo FALSE Permanent Permanznt

5 54 %115 Boo [@ FALSE Permanent Permanznt

& Al" %100 Boo [ FaLSE Permanent Permanznt

7 ~q1" %G0.0 Boo E FALSE Permanent v! Permanznt |:_'

8 <Add nz

— To modify tags, enter the desired "Modify values". Next, click ,4;1 to "Modify all activated

values once and now" or gﬁ‘ to "Modify all activated values by Modify with trigger

condition”.
(—» TRUE —» %?;L " modifies all activated values by "Modify with trigger condition")
7 A% P
B IName ) e values willbe modifid by modiy with vigger . - | Modify withrigge | Modify value 7 |Comment
1 "so" U2 bool || FALSE FErManent Permanent
2 "53" %114 Bool FALSE Permanent Permanent
3 "K0" %10.1 Bool FALSE Permanent Permanent
4 81" %10.5 Bool FALSE FPermanent Permanent
5 "54" %I1.5 Bool [ FALSE FPermanent Permanent
6 AT %10.0 Bool [ FALSE Permanent Permanent
7 Q1" [iz]) %qo.0 Bool F| FALSE Permanent F| Permanent F TRUE M
8 <Add new=

— Confirm the warning with 'Yes'. (— Yes)

Madify with trigger (0610:001) 7 X

I Modify with trigger

]
With the "Modify with trigger’ function, you intervene in the process
permanently.

De you want to continue with "Modify with trigger’ 7

[T] De not show this message again

Yes No

— The output becomes active even though the programmed conditions are not met.

Address Display form.. Monitor valu | Monitor with trig... |Modify with trigge | Modify value | # Comment

1 %10.2 Bool FALSE Permanent Permanent

2 w14 Bool FALSE Permanent Fermanent

3 ®I0.1 Bool [3] FALSE Permanent Permanent

“ %l0.5 Bool [5] FALSE Permanent Fermanent

5 %I1.5 Bool FALSE Permanent Fermanent

] "-A1" %10.0 Bool FALSE Fermanent Permanent

7 B4 01" %00.0 Bool [E TRUE Permanent Fermanent TRUE ™

8 e p— |L|

Note: If the watch table is closed or the connection to the PLC is lost, all modify commands
become ineffective.
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6.7 Force tags

30

— The “Force” function can be used to assign a fixed value to tags. Force values are specified
in a similar way as for the "Modify tags" function but, in contrast, are retained after the CPU
is stopped. The main differences between "Modify tags" and the "Force" function are as
follows: In contrast with "Modify tags", the "Force" function does not allow you to assign

values to data blocks, timers, counters and bit memory.

I/O device inputs (e.g., IWxx:P) cannot be modified, although they can be pre-assigned by
the "Force" function.

Unlike with the "Modify" function, values permanently assigned by the "Force" function

cannot be overwritten by the user program.

If you close the force table, the force values are retained. This is not the case with the
"Modify" function.

If the online connection to the CPU is interrupted, the tags assigned with the "Force" function

retain their value.

— To force tags, you must first double-click the force table to open it.

(— Force table)

Devices
50O D:;. =¥ 2f B RIF. F. o2 %%

i Mame Address Display format  Monitor value | Force value F Comment
| ] 032_100_FC-Programming F 1 it

& ~dd new device
1y Devices & networks
~ [ CPU1516F [CPU 1516F-3 PN/DP] 1
IIY Device configuration
% Online & diagnastics
~ g Program blocks
ﬁ Add new block
4 Main [0B1] ]
3 MOTOR_MANUAL [FC1] L]
» ;p Technology objects
» @ External source files
» [ PLCtags @
» [ PLC data types
~ |2 Watch and force tables
B¢ Add new watch table

&5\ Watch table_1
» [ Online backups
» [ Traces
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— Select the “Q1” operand with address %Q0.0 from the list. (— Q1)

2 % 8 EIF F. @
i Marne Address Display format  Maonitor velue | Force value F Comment
1 I 1l <add new>
4 P Bool %013 display cylinder_. Bad
<1 "-Q1° Bool %Q0.0 CONVEeyor motor...
4] "-02" Bool %0Q0.1 CONVeyor motor...
<4 "-03" Bool %002 conveyor motor...
<0 "0 Bool %102 mode selector ...
40 "51° Bool %03 pushbutton aut... o
4 "52° Bool %10.4 pushbutton aut.. 7
] “-53° Bool %11.4 pushbuttonma... |

— With forcing, the operands are entered with direct I/O access (%Q0.0:P).

# & 8 RIF F. "2 7%
i Name Address Display format  Monitor value  Force value F Comment
| Q1P %Q0.0:P Bool "3

new>

— Enter the desired force value and activate it E.

Click "Start or replace forcing" F’ '. The new force request is transferred to the CPU.

B

(— %Q0.0:P » TRUE —» % — 5 start or replace forcing)

[ =% 2, EOF. |Fa ™ o

i Narne Address Display format | Monitor value  Force value F Comment
1 QTP %Q0.0:P Bool i TRUE M

[S]

— Confirm the warning with 'Yes'. (— Yes)

Force all (0710:001) 21X
I Force all
]
CAUTION: Forcing with 'CPU1516F !
Do you want to start “forcing™ now?
Yes No

— Forcing is activated and the yellow MAINT LED on the CPU lights up. In addition, an F on a
red background is shown at the top right of the display of the S7-1500.

i
=

2 & & BIF Fy °7 %
i Narme Address Display format | Monitor value | Force value F Comment
1 [[E Q1P %QO.0P Boal "% TRUE ™)

Note: If the watch table is closed or the connection to the PLC is lost, forcing remains active,
and the yellow FRCE LED on the CPU continues to be lit.
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— If you want to ‘Stop forcing’, simply click "Stop forcing" E and confirm the next dialog

with "Yes".

(— n Stop forcing) 'Yes' (— Yes)

# @ & RFEF ==
i |Name |Mdress |Disp|ay format |Mon'n:orvalue |Farcevalue |F |Commem

Q1P %Q0.0P Bool 3 TRUE M x

|

1|

2 | @ e — e
1

Forcing is stopped and the yellow MAINT LED on the CPU goes out.

— If there is already a force request in the controller, this is indicated by the L) symbol in the

watch table.
0 [ b [ ’ PN/DF d fo b ¥
# ] 7 2 2 [
| | Address | Display form.. Monitar valu | Manitor with trig... | Modify with trigge | Modify v...

1 | %l0.2 Boaol [1 FALSE Permanent Perranent

2 | %14 Boaol FALSE Fermanent Perrmanent

3 | %I10.1 Bool FALSE Fermanent Permanent

4 | %I0.5 Bool FALSE Permanent Permanent

5 | 54" %I1.5 Bool [5] FALSE Permanent Permanent

6 | A1t %I0.0 Bool [5] FALSE Permanent Permanent

7 ||I! Q1" %Q0.0 Bool E'! FALSE Fermanent Fermanent

o g

— If you now click E!, additional information is displayed. (— IE!)

..mming *» CPU1516F [CPU 1516F-3 PN/DP] » Watch and force tables » Watch table_1 - 0 X

¥ @ WA A2 =

i Neme (Address  Displey form.. Monitor valu | Monitor with trig... Modify with wigge | Modify v... |
1 | 50" %102 Bool (3] FALSE Permanent Permanent

2 | 53" %I1.4 Bool [&] FALSE Fermanent Permanent

3 | "-Ko" %l0.1 Bool [= FALSE Permanent Permanent

4 "-B1" %10.5 Bool [E FALSE Permanent Permanent

5 | 54" %I1.5 Bool [H FaLSE Fermanent Permanent

6 | A1 %I0.0 Bool [E] FALSE Permanent Permanent

7 En ar %Q0.0 Bool [F[| FALSE Permanent Permanent

8 | B prrr— ] e =

| The Ii0 belenging to address '%Q0.0" will be forced with the value 'TRUE'.
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— If there is already a force request in the controller, it can also be displayed and stopped via

the online device view. For this, you need to right-click the CPU in online mode of the device

view and select "Update and display forced operands".

(— right-click the CPU — Update and display forced operands")

— The force table with the current force requests will now be displayed and you can stop these.

L Fa

Stop forcing)

utomation\032_100_FC-Programming\032_100_FC-Programming

Project Edit View Insert Online

Ui M saveproject S M = D2 X 9 G [0

Options

Tools  Window

Help

MG E R 5 coonline ¥ Gooffine o [A [ ¢ o 1|

Devices

[& Topology view

GO

~ 1 032_100_FC-Programming

B Add new device

) Devices & networks
- Ef.- CPU1516F [CPU 1516F-3 PN/DP]

[If Device configuration
%] online & diagnostics

- [l Program blocks

¢ Add new block

& Main [0B1]

2 MOTOR_MANUAL [FC1]
[3 Technology objects
External source files
[ PLCtags
[ PLC data types
Watch and force tables
¢ Add new watch table
5| Force table
Watch table_1

PR

» [ online backups
» [ Traces

BoE Program info
Device proxydata
4 PLCalarms
j Text lists
4- Local modules
('S online card data
§ Common data

Rail_0

PETEra— Y

Project  Edit Online

Ui i saveprojet & M = 0
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X
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G M
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O
o
& &
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6 7
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)
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>
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cul+D
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H
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6.8 Checklist
No. Description Completed

1 Project 032-100_FB-programming... successfully retrieved.

> CPU 1516F from project 032-100_FB-Programming...
successfully downloaded.

3 CPU 1516F connected online.

4 Status of the CPU 1516F checked with Online & diagnostics.

5 Offline/online comparison of blocks in the CPU 1516F
performed.

6 Watch_table 1 created.

7 Tags (-S0/-S3/-K0/-B1/-S4/-A1/-Q1) entered in watch
table.

8 Switch on conveyor motor forwards by modifying the output
(-Q1 = 1) in watch table.

9 Switch off conveyor motor forwards by modifying the output
(-Q1 = 0) in watch table.

10 Open force table

11 Tag (-Q1:P) entered in force table.

12 Switch on conveyor motor forwards by forcing the output
(-Q1 = 1) in force table.

13 Force output -Q1 to switch off again.

34 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.

SCE_EN_032-410 Basics Diagnostics_R1503.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 032-410, Edition 02/2016 | Digital Factory, DF FA

7 EXxercise

7.1 Task — Exercise

In this exercise, the MOTOR_AUTO [FB1] function block from chapter SCE_EN_032-200 FB-
Programming is to be tested.

The problem here is that the cylinder is in the front end position and thus the enable conditions for
switching on the conveyor are not OK.

Using a watch table, the cylinder is to be moved to its rear end position so that the enable
conditions for the MOTOR_AUTO [FB1] block become OK.

7.2 Planning

Plan the implementation of the task independently using the step-by-instructions as an aid.
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7.3 Checklist — Exercise

No. Description Completed
1 Project 032-200_FB-Programming... successfully retrieved.
5 CPU 1516F from project 032-200_FB-Programming... successfully
downloaded.
3 Watch table created and renamed as "Watch_table_cylinder".
4 Tags (-B1/-B2/-M2) entered in watch table.
5 Retract cylinder by modifying the output (-M2 = 1) in watch table.
6 Cylinder retracted (-B1 = 1)
7 Reset output for Retract cylinder in watch table again (-M2 = 0).
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8 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial
software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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Notes
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WEB SERVER AND ADVANCED DIAGNOSTICS

1 Goal

In this module, the reader will become acquainted with additional tools that are helpful for
troubleshooting.

In particular, we will show you how automated alarm texts can be generated in the TIA Portal for
hardware faults and system errors. These can then be displayed not only in the TIA Portal but
also on the display of the CPU as well as via the web server of the CPU 1516F-3 PN/DP. It is
also possible to bring these into the message windows of HMI systems for viewing.

This module will present advanced diagnostic functions that, for example, you can test with the
TIA project from the SCE_EN_032-410_Basics_Diagnostics with the SIMATIC S7-1500 module.

2 Prerequisite

This chapter builds on the hardware configuration of the SIMATIC S7 CPU1516F-3 PN/DP.
However, other hardware configurations can be used. You can use the following project for this
chapter, for example:

SCE_EN_032-410_Basics_Diagnostics_2_ R1503.zap13

3 Theory

3.1 System diagnostics: Automated creation of error messages

In the TIA Portal, the diagnostics of devices and modules is collectively referred to as system
diagnostics. The monitoring functions are automatically derived from the hardware configuration.

All SIMATIC products have integrated diagnostic functions which you can use to detect and
remedy faults. The components automatically signal a possible disruption of operation and
provide additional detailed information. Undesired downtimes can be minimized with plant-wide
diagnostics.

The following states are monitored by the system in the running plant:
- Device failure

- Pull/plug error

- Module fault

- I/O access error

- Channel fault

- Parameter assignment error

- Failure of the external auxiliary voltage
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3.2 Diagnostics via web server

The web server enables monitoring and administering of the CPU by authorized users over a
network.

This permits evaluation and diagnostics over long distances. Monitoring and evaluation is
possible without the TIA Portal; all you need is a web browser.

The web server is deactivated in the delivery state of the CPU. This means that you must load a
project in which the web server is activated to enable access using the web browser.

The web server offers the following security functions:
- Access via secure "https" transmission protocol
- User authorization by means of a user list

- Restriction of access from certain interfaces
You need a web browser to access the HTML pages of the CPU.

The following web browsers have been tested for communication with the CPU:
- Internet Explorer (Version 8)

- Mozilla Firefox (Version 21)

- Mobile Safari (i0S5)

English E
Name Alarms
Login Iemmes‘l—SD : Haors
AlarmNr. Date Time Alarm text State Acknowledgement
12:25:02.177 Error: Supply voltage missing on Q0
+ Start page
e~ 34 ooz CPU1S16F /AQ 43U ST_1 TEMIE
+ Diagnostics
+ Diagnostic Buffer
+ Module information
+ Alarms
+ Communication
+ Topology
+ Tag status
Details on alarm number: 34
» Watch tables
Short name: AQ 4xU/l ST Order number. 6ES7 532-5HD00-0AB0
» Customer pages
Incoming event

Figure 1: Web server of the CPU 1516F-3 PN/DP with alarm text from the system diagnostics

Note: Make sure that you protect the CPU from manipulation and unauthorized access through
the use of different methods (e.g., limiting network access, using firewalls).
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3.3 Diagnostics with the integrated display

The S7-1500 CPU has a front flap with a display and control keys. Control data and status data
can be displayed in various menus on the display and humerous settings can be made. You use
the control keys to navigate through the menus.

The display of the CPU offers the following functions:
- 6 different display languages can be selected.

- Diagnostic messages are displayed in plain text.

- The interface settings can be changed locally.

- Password assignment for display operation is possible through the TIA Portal.

A

G Alarms

Incoming ap
00:32:01 AM 0112112012

Fault: Hardware componentr...

ESC 111 oK
Figure 2: Display of the CPU 1516F-3 PN/DP with alarm text from the system diagnostics
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The following advanced diagnostic functions will be shown and tested in this chapter:

Configuration of web server of the CPU 1516F-3 PN/DP

Configuration of display of the CPU 1516F-3 PN/DP

Create hardware fault and system error alarms with the system diagnostics
Display alarms via the web server of the CPU 1516F-3 PN/DP

Display alarms via the integrated display of the CPU 1516F-3 PN/DP

5 Planning

The diagnostic functions will be performed using a finished project as an example. A project in the
TIA Portal that was previously downloaded to the controller should be open for this. In our case,
once you have started the TIA Portal, you will retrieve a previously created project that was
archived and download it to the associated controller.

You can then configure the web server, the display and the system diagnostics in the TIA Portal.
To test the system diagnostics, we will disconnect the monitored analog output module from its
supply voltage.
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6 Structured step-by-step instructions

You can find instructions on how to carry out planning below. If you already have a good
understanding of everything, it will be sufficient to focus on the numbered steps. Otherwise,
simply follow the detailed steps in the instructions.

6.1 Retrieve an existing project
— Before we begin with diagnostics via the web server, we need a project from the
SCE_EN_032-410 Basics_Diagnostics module.
(e.g., SCE_EN_032-410 Basics_Diagnostics 2 R1503.zap13)
To retrieve an existing project that has been archived, you must select the relevant archive
with —»Project —Retrieve in the project view.
Confirm your selection with "Open".

(— Project — Retrieve — Select a .zap archive — Open)

Project |Edit View Insert Online Options
_’-?‘ New...
7% open... Ctrl+0
Migrate project...

H ~ A

| dE
Delete project... Crl+E |
Retvieve. ]

' Card Reader/USB memory »

T Memory card file r

D:\Automation...|032_200_FB-Programming
D:\Automation\..\032_100_FC-Programming
D:\Automation\SKG_Bregal1\SKG_Bregal1
D:\automationl\Projekt1\Projekrt1

Exit

— The next step is to select the target directory where the retrieved project will be stored.
Confirm your selection with "OK".

(— Target directory — OK)
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6.2 Configure the web server
— To configure the web server, open the device configuration of the CPU 1516F-3 PN/DP. (—

CPU_1516F [CPU 1516F-3 PNDP] — Device configuration)

4 Siemens - G:\Automation\032_200_FB-Programming\03 00_FB-Programming
Project Edit View Insert Online Options Tools Window Help
j BBMP"’}“I o ¥ B HE X s SMIEG S R § coonlin

Project tree

Devices

FHQOQ

¥ 7] 032_200_FB-Programming
B Add new device
g Devices & networks
~ [[§l CPU1516F [CPU 1516F-3 PN/DP]
m Device configuration
% Online Efdiagnustics

» g Program blocks
» [ Technology objects
» &} External source files
» '—4 FLCtags

» (g PLC data types
» 5 watch and force tables
» &) Online backups

» [ Traces

%4 Program info

[ Device proxy data

L4 PLCalarms

-

E) Textlists

— Select the CPU and choose the 'Web server' menu item in the properties.
(— CPU_1516F — Properties — Web server)

T4 Siemens - G:\Automation\032_200_FB-Programming\032_200_FB-Programming

Froject Edit View Insert Online Options Tools Window Help

U (h Rl sveproject & ¥ = 02 X D G M B § coonine F cootiine g AR » [l PORTAL
032_200_FB-Programming » CPU1516F [CPU 1516F-3 PNIDP]

|| Devices | |& Topology view [ Network view [[If Device view | i

Ef-X) R E

~ | ] 032_200_F8-Programming
B Add new device
y Devices & netwarks
- 5 CPU1516F [CPU 1516F-3 PN/DF]
IIY Device configuration
% online & diagnostics
[ Program blocks

bojees aiempiey [5

[ Technelogy objects.
External source files
[3 PLC tags

[ PLC data types

[ Watch and force tables
[ Online backups

s|003 BUIjUD EH

[ Traces 5% ol ==
B3 Program info [ Properties  |*i}Info )| Diagnostics |
[&. Device oy data [ General [ 10 tags | Systemconstants | Texts

[ PLC alarms. =

5 Textlists

» [l Local modules

[§§ Common data

[5] Documentation semings

5’|5"lk“"H

Communication load

System and clock me... Web server

» System diagnostics

[w]>]
sopei ]

General

Geheral
& L

anguages & resources
(g Languag: [7] Activate web server on this module

Automatic update
User management
Watch tables

» User-defined Web p__

Entry page

Querview of interface
> TDetais view
4 Portal view i CPUIS16F )0_FB-Programming ope...

e
[

3
3
»

» [ig) Online access
(5 Card ReaderiUSE memory Permit access only with HTTPS

Automatic update
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— Activate the web server on this module and confirm the security note.

(— M Activate web server on this module — OK)

‘gProperties ||"_i.'.lnfo y"ﬂDiagnostics |

J General || 10 tags || System constants || Texts |

Communication load

System and clock memory

Web server

>

b Systemn diagnostics
= Y General

¥ Web server
General
Autormatic update - [V Activate web server on this module
User management
Watch tables
Userdefined Web pages
Entry page
Overview of interfaces

Permit access only with HTTPS

-

Automatic update
Web server X

» Display

Userinterface languages Security note

Time of day

. Activating the Web server reduces protection from unauthorized internal or
b Frotection

User managy external access to functions and data on this CPU.
b Systermn power supply

Configuration control
Connection resources Mame

Overview of addresses ™ Everyl Il

(<] il B <Add e | |

— Leave the check mark ™ for 'Enable automatic update', and select the security settings of

the 'Everybody' user. Enable this user to carry out all possible actions and accept your
settings.

LEEEEEEEEE

== - : [ || I Shins |
The user is authorized to...
J General ” 10 tags || System constants || Texts | @) query diagnostics
Communication load ~ -~
System and clock memory EnsEE | o f.EE.d:tEQ’S- E
: i::;esn;::rgnostlcs General ___ | [# read tag status
General i
Autormatic update | 0 m
User management [ open userdefined web pages
Watch tables [&) write in user-defined web pages
» Userdefined Web pages | Automatic update ) read files
EntryFage . [| Ewritefdelete files
Overview of interfaces
» Display ) i [# change operating mode
Userinterface languages r Update inte [ flash LEDs
Time of day [& perform a firmware update
b Protection User management <
b Systermn power supply
Configuration control
Connection resources Mame
Overview of addresses ™ Everybody Minirnurmn |v| i
<] I | _ <Add new users |T

Notes: You can also create multiple users here with different authorizations. These users then
require a password.
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— As aresult of these authorizations, the 'Everybody' user is now automatically assigned the
access level 'Administrative'.

User management

MName Access level Passwaord
Everybody Administrative [=] [=]

<Add new user-

— In the 'Watch tables' menu item, the ‘Watch table_Cylinder' can now be entered in the web

server.

(—»Watch table_Cylinder — F;)

| '€ Properties l"_‘y‘.lnfo Qlﬂpj Diagnostics

U General I 10 tags I System constants ﬂTexts |

Cycle
Communication load

~
| Watch tables

System and clock memory

System diagnostics MName Access

Web server Watch table_Cylinder | [Read R
General I3 E4l Force table

Automatic update Kt wa tch table_Cylinde
User management k

Watch tables
Userdefined Web pages
Entry page

Overview of interfaces |
Display B
Userinterface languages

Time of day

Protection

-

4

-
T

-

v -

System power supply
Configuration control
Connection resources
Overview of addresses

<] O 2]

(<]
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— Accessing is read-only. (— Read)

Watch tables
Name Access
Wetch table_Gyfinder | ...| Read [v/

<Add new watch table> m

— User-defined web pages will not be created here. For reasons of plant safety / security, we
will enable only PROFINET interface_1 for access to the web server.

(— Enabled web server access — # PROFINET interface_1)

|§Properties ||"1J.Info y"ﬂ Diagnostics |

J General || 10 tags || System constants || Texts |

» PROFIMETinterface [X2] _ Default HTML page: |index.htm || | E

» DPinterface [X3]
Startup

Application name: | |

Status: | |
Cycle —

Communication load | Generate blocks || Delete blocks

System and clock memory
» System diagnostics » Advanced

bt Vieb server

General

: Files with dynamic content: | htmihtml
Automatic update

User management Web DB number: |333

o [

Watch tables
Userdefined web pages
Entry page

Overview of interfaces

Fragment DB start number: | 334

-

T Ol | s

Entry page

b Display
Userinterface languages Selectentry page: | Intro page [~]
Time of day

» Frotection Overview of interfaces

} System power supply

Configuration control -
Device Interface Enabled web server access

CPU1516F PROFINET interface_1
CPU1516F PROFINET interface_2

<] i > [v

Connection resources

Overview of addresses

(<]

12 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.

SCE_EN_032-420 Diagnostics via Webserver_S7-1500_R1508.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 032-420, Edition 02/2016 | Digital Factory, DF FA

6.3 Configure the display

— The settings for the display of diagnostics data can also be changed on the integrated
display of the CPU 1516F-3 PN/DP. First, the general settings are selected as shown here.

(— Display — General)

| G Properties % Info )| %l Diagnostics =
J General ” 10 tags |l System constants ” Texts |
» General [l [~]
b Failsafe il Pterey (=]
» PROFINETinterface [X1] Gane sl
» PROFINETinterface [X2]
» DPinterface [X3] Display standby mode
Startup
Cycle Time to standby mode: | 30 minutes [~
Communication load
System and clock memory = - Enargy sauing mode
b System diagnostics "
» Web server E- Time to energy saving mode: | 15 minutes [v
 Display i
General Display language
Automatic update
Possnord Deuklanguage on diply: TN -
Watch tables
User-defined logo | Automatic update
User interface languages
Time of day
» Protection Time until update: IS seconds m
A Curram nawar ronnhs E ’7‘

— In the 'Watch tables' menu item, the 'Watch table_Cylinder' can now be entered in the
display.
(—Watch table_Cylinder —» F;)

|l Properties I"i‘,info ylg.] Diagnostics

JGeneraI ” 10 tags H System constants ” Texts J

» General [~ Password [4]
» Fail-safe
» PROFINETinterface [X1] DIRFEAYECEEERER
» PROFINETinterface [X2] [:] Enable display protection =
» DPinterface [X3] =
Startup Password: ] ]
Cycle Confirm password l ]
Communication load Time until automatic logoff | 15 minutes | v |
System and clock memory mlL
» System diagnostics M Watch tables
b Web server b
~ Display ¢
General Name Access
Automatic update Watch table_Cylinder ., Read [+]
Password gal Force table
Watch tables Bdl
User-defined logo = A

User interface languages

Time of day
T v
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— If desired, a user-defined logo can also be shown on the display

(— User-defined logo page)

', Properties l"_&.‘.lnfo yl&j Diagnostics |
_I General ][ 10 tags H System constants ﬂ Texts ]

General || User-defined logo [a]
Fail-safe )

PROFINET interface [X1] User-defined logo
PROFINET interface [X2]
DP interface [X3]
Startup [w) Adapt logo

Cycle Resolution: [240 x 260 pixels ] - |

Communication load Background color: [ I' |
System and clock memory =

System diagnostics . Upload image file: Browse _ (u]
Web server | Preview: I
 Display

General

Automatic update

Password

Watch tables

User-defined logo
User interface languages

User-defined logo page

v v v v w

- w

v 1

6.4 Configure system diagnostics

— An important function for effective troubleshooting is the integrated system diagnostics. This
is always activated for the SIMATIC S7-1500. The alarm categories can be selected in the

alarm settings and, if desired, an 'Acknowledgment’ can be specified.

|'c Properties | ?i} Info yIE..J Diagnostics
J General ]l 10 tags H System constants H Texts ]
b General ’:e Syst di ti
b Failsafe yItemiceagnostcs
» PROFINETinterface [X1)
) General
b PROFINETinterface [X2]
» DPinterface [X3]
Startup [v] Activate system diagnostics for this device
Cycle
Communication load Aam settings
System and clock memory L
Ag System diagnostics =i
General 1E Category Alarm  Alarm class Acknowledgement
Alarm settings i Fault M  No Acknowledgement[¥]
N Maintenance demanded B No Acknowledgement
» Displa Maintenance required E No Acknowledgement
P _y Info Mo Acknowledgement
Userinterface languages
Time afdav

Notes: The indicated alarm class is important so that it can be selected in the alarm windows of
the operator panel (e.g., TP1500, TP700, etc.).
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6.5 Activate the diagnostics of the power supply for the anal. output
module/download the PLC

— Once the web server, display and system diagnostics have been configured in the controller,
we also activate the diagnostics for the supply voltage for the analog output module. The
controller can then be selected and downloaded together with the created program.

(— Device configuration - AQ 4xU/l ST_1 — Output 0 — 3 — Outputs — Channel 0 —

Diagnostics — & No supply voltage L+— CPU_1516F [CPU 1516F-3 PN/DP]— i )

T4 Siemens - G:\Automation\032_200_FB-Programming\032_200_FB-Programming

Project Edit View Insert Online Optiens Tools Window Help Totally Integrated Automation

G W soveproject 3 M %y X D T MG ER S coonine F cooiiine o WA x S 1 PORTAL

BProgiamming + CPU1516F [CPU 1516F-3 PN/DP]
Download to device
Devices [& Topology view [ Network view |IIf Device view | [il
T
3 =3 CPU1516F ) i * H
Y- i ] T R g
P & g
~ | ] 032_200_FB-Frogramming o E
o
B Add new device & %
oy Devices & networks v v 5
- h CPUT516F [CPU 1516F-3 PN/DP] | a 1 2 3 7 N
L Rail_o
I Device configuration - -
%/ Online & diagnostics. u
» [ Program blocks o
b [ Technalogy objects. E
» L@} External source files z
» 3 PLCtags E
e
» [ PLC data types
» [ Watch and force tables [<] [l L | e =
= =
Dl |Gl | @ Properties  [*4}info &) |2 Diagnestics | B
b [ Traces H
Fick J General ‘l 10 tags H System constants H Texts =
5§ Program info - B s
T » General A
» [if, Device proxydata » Channel 0 B
4 PLC alorms » Module parameters (i
E) Textlists ~ Output0-3 E
» [ Locsl modules General Parameter settings: | Manual [+ H
[P * Qutputs »
D (e data LA L| Diagnostics 3
» [5]) Documentation settings L= "
IF: Channel 1 * [
» [@ Languages & resources ol & No supply volage L+
» [ig) Online access Sl i o
» i Card ReaderiUSB memaory Channel 3 e
110 addresses [ shere circuit to ground
Hardware identifier [ overflow
[ underfiow

> | Details view
4 Portal view =] overview | cpursisr o 0_FB-Frogramming ope...
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— Select the correct interface and click 'Start search'.

(— PN/IE — Selection of the network adapter of the PG/PC — Direct at slot ‘1 X1'— Start
search)

Once "Scan and information retrieval completed" appears, click 'Load'.

(— Load)
Extended download to device X
Configured access nodes of "CPU1516F"
Device Device type Slot Type Address Subnet
CPU1516F CPU 1516F-3 PNI. 1X3 FROFIEUS 2
CPU 1516F-3 PNi... 1X1 FNIIE 192.168.01 PNIE_1
CPU1516F-3 PNI... 1X2 FMIIE 192.168.1.1
Type of the PGIPC interface: ﬁ_PN\'IE [+]
PGIFCinterface:  |Rl %AX88772A DeviceDesc% [-] © <]
Connection to interfaceisubnet: | PMIE_1 |v| ®
sipme | - ®
Compatible devices in target subnet: [ Show all compatible devices
Device Device type Type Address Target device
= CPU1516F CPU 1516F-3 PNI..  PNIIE 192.168.0.1 CPU1516F
. = FMIIE Access address =
[ | Flash LED
Online status information:
=2 Retrieving device information...
Scan and information retrieval completed. —
D Display only error messages
Load Cancel

— Before downloading can be started, other actions may have to be selected. Click 'Load'
again.

(—M override all —Load)

‘Load preview X
9 Check before loading
Status | Target Message Action
i @ =~ cruisieF Ready for loading.
e » Stop modules The modules are stopped for downloading to device. Stop all
(V] b Software Download software to device Consistent download
| € 1] | > |
Refresh
| L—hl-ud | Cancel ]
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— After loading, first select the "Start all" check box and click 'Finish'.

(—»M™ start all — Finish)

Load results %
9 Status and actions after downloading to device
Staws ! Target Message Action
i, @ ~ cruisier Downloading to device completed without error.
H * Start modules Start modules after downloading to device. M stwrall
H The module *"CPU1516F" can be started. 9 Start
[<] m [>]
Finish || oad || cancel |

6.6 Trigger error message

— The power supply of the analog output module is via terminals 41-44 of the supply element.
Remove this supply element, as shown here, from the front connector to trigger an error
message. Result: the red ERROR LED on the CPU is lit and an error message is triggered.

The following pages describe where and how you can view this error message.
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6.7 Display alarms in Online & diagnostics
— To get started with the diagnostic functions, we will select our controller 'CPU_1516F' and

click 'Online & diagnostics'. Under 'Online access' select ™ 'Receive alarms' for the 'Alarms'
item.

(— CPU_1516F — Online & diagnostics — Online access — Alarms — M Receive alarms)

T4 Siemens - G:\Automation\032_200_FB-Programming\032_200_FB-Programming

Froject Edit View Insert Online Options Took Window Help a
Totally Integrated Automation
Gf hH sweproject @ X 3 2 X (e 5 MG E R S coonine F coofiine o M ¥ o 1) PORTAL
Project tree m 4
Devices
= =Nz Online access
EHOO - s Online access
» Diagnostics a

» Functions Status

.
L

~ | ] 032_200_FB-Programming
K’ Add new device
iy Devices & networks
- 'I. CPU1516F [CPU 1516F-3 PN/DP]
[IY pevice configurstion
'] Oniine & diagnostics
~ [ Program blocks
B Add new block
4 Mein [0B1]
48 MOTOR_AUTO [FB1]
@ MOTOR AUTO_DB1 [DB1]
» [ Technology objects
} [@ External source files

ks
e Type ofthe PGIPC interface: | B FHlE [~]
» L PLC data types

- N . e
+ [&) Viatch and force wbles PGIFCinterface:  [Rl %,AX887724 DeviceDesch [ ®[=)

» [ Online backups Connection to interface/subnet: | PNIE_1 [~ ®

[ -®
» [ Device proxydata

192.168.0.1
4 FLCalarms .

» [ Local modules
» [4§ Commen dsts
[5]) Documentation settings

s Alarms
.-! @ Languages &resources P Select "Receive alarms”
~ [ Online access

¥ nicoladhide intads %ﬁ?ﬂwealarms
< [ =] -

> [Detalls view [ Properties  [*linfo [ %l Diaanostics

Offline

)|

Online access

)

["] Flash LED

sa!mlanH sqsnl@nH s]003 auluQ

b [ Traces

5% Program info

— Select the correct interface and click 'Go online'.

(— Go online)

Online access

Type ofthe PGIPCinterface: | §_PHIIE I~
PGIPCinterface: [Nl %Ax887724 DeviceDesc? [~ ©d

Connection to interface/subnet: PNNE_1 [+] @
| [©
[192.168.0.1 | &2
| Goonline N |

) Go online
18 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.

SCE_EN_032-420 Diagnostics via Webserver_S7-1500_R1508.docx



© Siemens AG 2016

SCE Training Curriculum | TIA Portal Module 032-420, Edition 02/2016 | Digital Factory, DF FA

— The error message can now be checked in the 'Alarm display' under 'Diagnostics'.

(— Diagnostics — Alarm display)

T4 Siemens - G:\Automation\032_200_FB-Programming\032_200_FB-Programming

Project Edit View Insert Online Options Tools Window Help

Cf [HE saveprojet & X #

Totally Integrated Automation
X D 5 MG DR S coonine F Goofiine fp I8 % 1] PORTAL

Devices
EQQ

Online access i
Online access

sapeq] £ sqszlkﬁﬂ sj003 au|

» Diagnostics
» Functions Status

Online E

[| Flash LED

~ | ] 032_200_FB-Programming o
¢ Add new device
iy Devices & networks

[l Device configuration
%] online & diagnostics
= [gl Program blacks
B Add new block
2 Main [0B1]
48 MOTOR_AUTO [FB1]
| MOTOR_AUTO_DB1 [DB1]

v [ Technology objects |G Properties  [*JInfo | & Diagnostics

» [ External source files . - — - —
= infermation H Connection information H Alarm display
» [g PLCtags

b [ PLC data types 253 EEE
» [z Wstch and force tables Source Date Time St.. | Eventtext Info text Help
+ [ig Online backups 1 : 1:10:26:958 AM | Eror:Supplyvoltage missing on Q0 CPUT516F 1 AQ 4xU/I ST_1.  Short name:AQ 4xUil STOrder number: ..

b [ Traces
% Frogram info
Device proxydata v

(<] i »
4 Portal view ] Overview I_ CPU1516F | = wein | &/ online & dia....
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6.8 Diagnostics for the S7-1500 via the web

— To be able to access the Web server of the CPU 315F-2 PN/DP we open any Web browser
on a PC that is connected to the CPU via TCP/IP.

A,

— There we enter the IP address of the CPU 1516F-3 PN/DP. (— 192.168.0.1)

(13 Problem loading page

& P || 19216801 > |29~ Google £| M

[£) Most Visited { | Getting Started | Latest Headlines  [EJ Bookmarks

I

l Server not found

Firefox can't find the server at
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— On the displayed web page, we first select the language and then click 'ENTER".
(— English - ENTER)

I | e Intro x \_—i— 1

€ @ 19216801 /Portal/Intro.mws! e || Q suchen W B + ® A8 H e e @ =
SIEMENS Industry Wall SIMATIC-Steuerungen Senice & Support Zertifikat herunteriaden

WEITER P

SIMATIC S7-1500

CPU 1516F-3 PN/DP

W intro Uberspringen

— Onthe 'Home Page' we see general information about the PLC and its status.

(— Home Page)

Name CPU1516F
- 20f S
» Start page

151853 PNIDR General:

+ Diagnostics TIA Portal: V13.0 5P1

SIEMENS Step 7 Safety: —
+ Diagnostic Buffer

Station name: S71500/ET200MP station_1

+ Module information CPU 1516F-3 PNDP Module name: CPU1516F
Module type: CPU 1516F-3 PN/DP
» Alarms
+ Communication Shil
Operating Mode: RUN

P Stalus: € Emor

BES7 516-3F NOO-0ABO Mode seledor. T
b Tag status Mode selector:

» Watch tables

Fail-safe:
+ Customer pages Safety mode: — B
Collective signature: — u
» Filebrowser
Lastfailsafe modification: —— o
+ Datalogs
CPU operator panel:
L& ]
¥ Introduction STOP
Warten auf 192168.0.1...
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— Hardware, Firmware Version and Serial number are displayed besides other information
under 'Diagnostics'.

(— Diagnostics)

Neme Diagnostics
e

Identification | Memory

» Start page

} Diagnostics Identification:
Plant designation:

+ Diagnostic Buffer
Location identifier:

» Module information Serial number: 3 C-F25E01192015
r Alal
s Order number:
+ Communication Hardware: 6ES7 516-3FN00-0ABO
> Topology Version:
Hardware: 3
v Tag status

Firmware: V 1.7.0
» Watch tables Bootloader: V 1.0.2

Diagnostics

Identification | Memory
» Start page
+ Diagnostics Load memory

| 1.2% in use
23.72 MB free of 24.01 MB

¢ Diagnostic Buffer

+ Module information
Code work memory

+ Alarms 0.0% in use
L 1.50 MB free of 1.50 MB
+ Communication
+ Topology Data work memory
0.0% in use

» Tag status 5.00 MB free of 5.00 MB

» Watch tables
Retentive memory

+ Customer pages 0.0% in use
472 66 KB free of 472 66 KB

+ Filebrowser
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— Under 'Diagnostics Buffer' we see descriptive information for all events in the CPU. Event
information is recorded in a circular buffer. The most recent alarm is displayed in the top line.

(— Diagnostics Buffer)

122544am 01012012 EREEE

Name Diagnostic Buffer
Login IDiagncstic buffer entries 1-50 2 v
Number  Time Date State Event -
12:25:06.003 . . Communication initiated request: WARM RESTART Pending startup inhib)
» Start page 1 o DUO12012  incoming event o ciatup inhibit set - GPU changes from STARTUP to RUN mode | _
12:25:05.982 . _ Communication initiated request. WARM RESTART Pending startup inhib =
» Diagnostics e am VhEREE oglrel - Mo startup inhibit set - CPU changes from STOP to STARTUP mode
3 ;ﬁ]ﬁ'm 77 i1z incoming event  Supply voltage missing
» Diagnostic Buffer 12:95:01.475
4 o . 01/01/2012 outgoing event Supply voltage missing
» Module information 12:25:01.389 . _ Communication initiated request: STOP Pending startup inhibit(s):
3 am VhEREE oglrel - Mo startup inhibit set - CPU changes from RUM to STOP mode
} Alarms 6 ;r2n23.51 030 pimir01z incoming event  Supply voltage missing
12:23:46.084 = -
» Communication 7 o 01/01/2012 outgoing event Supply voltage missing
Follow-on operating mode change
12:19:21.717 . . Power-on mode set WARM RESTART to RUN (if CPU was in RUN before
+ Topology E am VhEteEE mopmglerenl Pending startup inhibit(s): - No startup inhibit set
- CPU changes from STARTUP to RUM mode
} Tag status Follow-an nneratino made channe Sl
4 rrr 3
PEElELE Error: Supply voltage missing on Q0 CPU1516F /AQ 4xUll ST 1.
+ Customer pages I _
incoming event

— The status of the individual modules of our SIMATIC S7-1500 is displayed with additional
details in the 'Module Information' view.

(— Module Information)

1227-18am 01012012 EEEEE

Name Module information
Login 2of &
ST1500/ET200MP station 1 - 571500/[ET200MP station_1
b STy Slat  State Name Order number [ Q =
1 CPU1516F Details 6ES7 516-3FN00-0AB0
» Diagnostics 2 DI 32424VDC HF_1 Details 6ES7 521-1BLO0-0ABO 0
€] DQ 32x24VDCI0.5A ST_1 Details 6ES7 522-1BLO0-0ABO 0
» Diagnostic Buffer 4 Al 8xUNRTDITC ST 1 Details 6ES7 531-7KFO0-0AB0 64
5 o] AQ 4XUN ST 1 Details 6ES7 532-5HD00-0ABO 64

*» Module information
» Alarms

+ Communication

» Topology

» Tag status
» Watch tables state | entnicaton | rmware [ —

Error: Supply voltage missing on Q0 CPU41516F / AQ 4xUN ST_1

» Customer pages
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— The alarm texts generated in the CPU 1516F-3 PN/DP are available in 'Alarms'.

(— Alarms)

122813am 01012012 [SEEIES

Alarms
| entries 1-50[ | cof 3
AlarmMr. Date Time Alarm text State Acknowledgement
12:25:02.177 Error: Supply voltage missing on Q0 . -
13
Start page 34 02012 . CPUAS16F / AQ 4¥UN ST 1. incoming

» Diagnostics

» Diagnostic Buffer
+ Module information
» Alarms

» Communication

+ Topology

» Tag status

Short name: AQ 4xUil 8T Order number: 6EST 532-5HD00-0ABO

» Watch tables

+ Customer pages

Incoming event

Note: Here we see the failure of the supply voltage for the digital input module with activated
diagnostic error interrupt.

— Details about communication settings and communication errors are displayed under
‘Communication’.

(— Communication)

Mome | Communication

————
+ Start page
+ Diagnostics PROFINET Interface [X1]:

+ Diagnostic Buffer

Network connection:
+ Module information MAC address: 28-63-36-87-F3-05
Mame: cpul1516fprofinet interface_1
» Alarms
IP parameter:
+ Communication IP Address: 192.168.0.1
Subnet mask: 255.255.255.0
+ Topology Default router: —
|IP settings: IP address setin project
» Tag status
» Watch tables Physical properties:
Port number Link status Settings  Mode Connection medium
» Customer pages X1P1 OK — 100 MBit/s full-duplex Copper cable
X1P2 disconnected — — Copper cable
24 For unrestricted use in educational and R&D institutions. © Siemens AG 2016. All rights reserved.
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Total statistics

Sent data packages:
Sentwithout errors: 3243312 Bytes

Collision during sending attempt: 0

Canceled due to other errors: 0
Received data packages:

Received without errors: 755370 Bytes
Rejected due to error: 0
Rejected due to resource bottleneck: 0

Statistics X1 P1
Sent data packages:
Sentwithout errors: 3242928 Bytes

Collision during sending attempt: 0

Canceled due to other errors: 0
Received data packages:

Received without errors: 755370 Bytes
Rejected due to error: 0
Rejected due to resource bottleneck: 0

HNumber of connections:
Maximum connections: 256
Connections notin use: 250

Connections: reserved in

ES communication

HMI communication

57 communication
OpenUser communication
‘Web communication
Other communication -

Mmoo R
======§

@ Connecfionis established 0 —

@ Connection is established o = 1Pvd 192.168.0.108 Adhoc

@ Connection is established o = 1Pvd 192.168.0.108 Adhoc WEB

@ Connection is established o = 1Pvd 192.168.0.108 Adhoc WEB

@ Connection is established o = 1Pvd 192.168.0.108 Adhoc WEB

@ Connection is established o = 1Pvd 192.168.0.108 Adhoc WEB
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— Devices that are connected to the individual ports of the CPU 1516F-3 PN/DP and the
addresses of these devices can be displayed under 'Topology'. There are various views for
this. In the case of larger network structures, the entire network structure of a plant can be
displayed and faulty connections shown in the status, provided this function is supported by

the individual components.

(— Topology)

Mame Topology

» Start page
1

» Diagnostics

» Diagnostic Buffer

+ Module information

» Alarms

» Communication

» Topology

12:3458am 01012012 [ERELEES

e | Topology
2of &
epmp—
D ST Part Partner part
State MName Module type Port MName Port
+ Diagnostics I e cpu1516f 571500/ET200MP station
port-001 Svensons port-001
» Diagnostic Buffer port-002
I SVeNsons
» Module information port-001 cpu1516f port-001
» Alarms
+ Communication
* Topology
e | Topology
Graphic view | Table view | Status overview I
+ Start page
g—
+ Diagnostic Buffer
+ Module information
» Alarms
+ Communication
» Topology
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— Values of the individual tags can be displayed under 'Tag status'.

(— Tag status)

Name Tag status

]
Enter the address of a tag here which you want to monitor

» Start page Address Display format Value
KD | Bin =] 20

» Diagnostics A1 [BoOOL [~ FALSE
MNew variabl I |Z|

+ Diagnostic Buffer

¢ Module information

» Alarms

» Communication

+ Topology

» Tag status

— 'Tag tables' that are linked with the web server, such as the 'Watch table_Cylinder', can also

be displayed.

(— Tag tables —» Watch table_Cylinder)

Watch tables
| Watch table_Cylinder |+

Watch table_Cylinder
BT %E0.5 | BOOL |»| FALSE
» Diagnostics B2 %E0.6 [BOOL l»] FALSE
M2 %A0.3 | BOOL [v| FaLSE
» Diagnostic Buffer
+ Module information
» Alarms
» Communication
» Topology
» Tag status
» Watch tables
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— Individually created pages for the visualization and also for operator control of processes
would be seen under 'Customer pages'.

(— Customer pages)

Customer pages

The page is not available.

» Start page

v Diagnostics

» Diagnostic Buffer

+ Module information

» Alarms

» Communication

» Topology

» Tag status

+ Watch tables

¥ Customer pages

— Data can be stored directly on the memory card in the CPU or loaded from there using the

'Filebrowser".

(— Filebrowser)

Filebrowser

» start page  Name ‘Size  Changed Delete Ren
LOG 32768 12:25:42 pm 0711912015
+ Diagnostics crdinfo.bin HiZ 12:25:42 pm 07/19/2015
+ Diagnostic Buffer
Directory operations:
* Module information [
No File selected. Upload fle
+ Alarms
+ Communication
» Topology
» Tag status
» Watch tables
¢ Customer pages
» Filebrowser
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— This means, for example, that you can read and edit the log files written by the CPU without

having to use the TIA Portal. (— Datalogs)

124057 am 01012012 |

Name DatalLogs
Login eof &
MName Size Changed Retrieve and clear
» Start page No entries currently available

» Diagnostics

» Diagnostic Buffer

» Module information

F Alarms

» Communication

» Topology

+ Tag status

+ Watch tables

» Customer pages

+ Filebrowser

+ DataLoas

6.9 Diagnostics for the S7-1500 via the integrated display

— The user also has the ability to call up a variety of diagnostic information via the display. For
example, the alarm texts generated by the system diagnostics can be displayed in the
'‘Diagnostics’ menu under 'Alarms'.

(— Diagnostics — Alarms)

\9 Diagnostics \9 Alarms

Alarms 'Rl Incoming Lh
00:32:01 AM 0112142012
Dlagn‘)s“c buffer P Fault Hardware componentr...
ESC OK JESC 111 OK
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6.10 Checklist

No. Description Completed

1 Project 032-410_Basics_Diagnostics_2... successfully
retrieved.

5 Web server for the CPU 1516F from project 032-410_Basics
Diagnostics_2... successfully configured.

3 Display for the CPU 1516F from project 032-410_Basics
Diagnostics_2... successfully configured.

4 System diagnostics for the CPU 1516F from project 032-
410 _Basics Diagnostics_2... successfully configured.

5 Diagnostics of the supply voltage for the analog output
module activated.

6 CPU 1516F from project 032-410_Basics Diagnostics_2...
successfully downloaded.

7 Power supply disconnected from analog output module.

8 Display of alarm text from the system diagnostics in the alarm
display of the TIA Portal.

9 Display of the alarm text from the system diagnostics via the
web server of the CPU 1516F.

10 Display of the alarm text from the system diagnostics on the
display of the CPU 1516F.
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7 Additional information

You can find additional information as an orientation aid for initial and advanced training, for
example: Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial

software/firmware, at the following link:

www.siemens.com/sce/s7-1500
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Notes
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Matching SCE trainer packages for these training curriculums

* SIMATIC S7-1500F with CPU 1516F-3 PN/DP
Order no.: 6ES7516-3FN00-4AB1

* SIMATIC STEP 7 Professional V13 - Single license
Order no.: 6ES7822-1AA03-4YA5S

* SIMATIC STEP 7 Professional V13 - Classroom license (up to 12 users)
Order no.: 6ES7822-1BA03-4YA5

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1AA03-4YES

* SIMATIC STEP 7 Professional V13 - Upgrade license (up to 12 users)
Order no.: 6ES7822-1BA03-4YES

* SIMATIC STEP 7 Professional V13 - Student license (up to 20 users)
